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ABSTRACT (ENGLISH) 
The effectiveness of soluble dietary fiber (SDF) or more specifically water-soluble 
non-starch polysaccharides (SNSPs) from edible jelly mushroom in modifying 
cholesterol metabolism and the role of viscosity in relation to their 
hypocholesterolemic potential have not been clearly elucidated in previous studies. 
To address these issues, cholesterol metabolism was investigated in moderately 
hypercholesterolemic male golden Syrian hamsters force-fed with SNSP solution of 
four common edible jelly mushrooms, including Tremella fuciformis (TF), Tremella 
auricula (TA), Auricularia auricula (AA), and Auricularia polytricha (AP), along 
with 0.1% cholesterol-containing high-fat diet. 
Significant hypocholesterolemic effects were solely observed in Auricularia SNSP 
treatment groups. Plasma total cholesterol (TC) level was significantly reduced (by 
15% of control) in hamsters fed with AP SNSP (p<0.05), whereas the levels of 
plasma triglyceride (TG) and high-density lipoprotein cholesterol (HDL-C) as well 
as the HDL-C : TC ratio were not affected. The reduction in plasma TC level was 
positively correlated (r = 0.980) with the intrinsic viscosity of the mushroom SNSPs 
(p<0.05). On the other hand, hepatic cholesterol was significantly lowered by 32% 
(p<0.05) in hamsters fed with Auricularia (AA and AP) SNSPs compared with the 
control group, partly due to a significant reduction (/7<0.05) in the activity of 
3-hydroxy-3-methyl-glutaryl-Coenzyme A (HMG-CoA) reductase. However, the 
Auricularia SNSPs did not significantly alter (/?>0.05) the fecal neutral steroid and 
total bile acid excretion. 
AP SNSP was further evaluated for its dosage effect on hypercholesterolemia in 
/ 
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hamsters. AP SNSP significantly reduced plasma TC level (27-29%) (p<0.05) in the 
concentration range from 2 to 4%, without interfering either the plasma TG or 
HDL-C concentrations. The hamster groups fed with 3% and 4% AP SNSP exhibited 
significantly lower (p<0.05) hepatic cholesterol level (30% and 49%, respectively), 
which was comparable to the group fed with whole AP powder-mix diet (-54%). The 
plasma TC concentration (after 2-week administration of AP SNSP) and the hepatic 
cholesterol concentration of the hamsters at the end of the 4-week feeding 
experiment were found to be significantly (p<0.05) and inversely correlated (r = 
-0.553 and r = -0.836 respectively, /?<0.05) with the concentration of mushroom 
SNSP fed. It was postulated that the hypocholesterolemic potential of AP SNSP 
could be partly explained by its viscosity. In contrast to the results of the screening 
experiments, the HMG-CoA reductase activity of the hamsters was not altered by the 
oral administration of AP SNSP. Furthermore, the concentrations of AP SNSP 
administrated by the hamsters were positively correlated (r = 0.685, /?<0.05) with 
their total amount of fecal bile acid excreted (p><0.05), although the elevation in the 
fecal acidic steroid excretion was not significant (p>0.05). 
The present studies evaluated the therapeutic potential of Auricularia SNSPs, 
particularly A. polytricha SNSP, against hypercholesterolemia in vivo, which was 
possibly related to their rheological characteristics. Further investigations on AP 




















低27-29%) ( p < 0 . 0 5 ) �以 3 %及 4 %毛木耳萃取物灌银的組別更能有效地減低 
0?<0.05)其肝赋膽固醇的積存量（分別降低30%及49%)，較被银以混合了毛木 
耳粉末的對照組別(降低54%)相若的水平。於被壤傻以毛木耳萃取物兩周後’食 







( p > 0 . 0 5 ) ，但跟其被灌厳的毛木耳萃取物濃度卻有著相應的關係 = 0.685, 
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Chapter 1: Introduction 
1.1 Lipoproteins 
1.1.1 General structure 
As water-insoluble moieties, lipids, including free and esterified cholesterol, 
triglycerides and phospholipids, are transported with the aid of hydrophilic molecules 
(Eisenberg, 1991). Lipoproteins are spherical particles composed of hydrophobic 
core and solubilized with a surface monolayer of more polar lipids - phospholipids 
and free cholesterol - and stabilized by apolipoprotein (Figure 1.1) (Wagner et al., 
1999). Cholesterol is esterified with long-chain fatty acids and transported along with 
triglycerides in the hydrophobic core. Besides maintaining the structural integrity of 
the lipoprotein particles, the apolipoproteins present on lipoprotein surface act either 
as ligands for cell surface receptors or cofactors for enzyme activities (Fielding & 
Fielding, 1991). 
Figure 1.1 Common features of plasma lipoproteins (adapted from Gaw et al., 1995) 
There are five major classes of plasma lipoproteins: chylomicron, very-low-density 
lipoprotein (VLDL)，intermediate-density lipoprotein (IDL), low-density lipoprotein 
(LDL)，and high-density lipoprotein (HDL), which are further categorized into 
subclasses based on their intra-class heterogeneity and denoted by subscripts. They 
xviii 
are usually classified according to their flotation density (Table 1.1). Each class of 
lipoprotein plays a unique role in cholesterol metabolism and is heterogeneous in its 
size and composition (Table 1.2). 
Table 1.1 Human plasma lipoproteins 
Lipoprotein Particle diameter Flotation density Main apolipoproteins 
fraction (run) (g/ml) 
Chylomicrons 80-500 d < 1.000 B-48, C-2, C-3, E 
VLDL 30-80 1.000 < d < 1.006 B-lOO，C-1, C-2，C-3, E 
IDL 25-35 1.006 < d < 1.019 B-100，C-3，E 
LDL 19-25 1.019 < d < 1.063 B-lOO 
HDL 6-11 1.063 < d < 1.210 A-l,A-2, A-4, C-1, 
^ C-2, C-3, D, E 
Modified from Davis (1991). Carroll & Feldman. (1989) and Fielding & Fielding (1991). 
Table 1.2 Composition of plasma lipoproteins in human subjects 
Lipoprotein Composition (% mass) 
Free Phospholipid Cholesteryl Triglyceride 
cholesterol ester 
VLDL 5.8 15.2 13.9 53.4 
IDL 6.5 21.7 22.5 31.4 
LDL 8.6 20.9 41.9 3.5 
HDL2 5.2 30.1 20.3 2.2 
HDL3 ^ 1.4 
Modified from Fielding & Fielding (1991). 
1.1.2 Chylomicrons 
Chylomicrons are the largest lipoprotein particles and the only one that participate in 
exogenous lipid metabolism. The major apolipoprotein present in chylomicron is apo 
B-48 (Kane et al., 1980) which is produced in the intestine, whereas it acquires apoC 
and E from HDL in the plasma. The composition of chylomicrons reflects that of the 
diet. Chylomicron is synthesized in the intestine and gradually loses its 
i 
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triglyceride-rich content during circulation, via the action of lipoprotein lipase 
anchored on capillary endothelial cells. The resultant chylomicron remnants are 
cleared up from circulation in the liver rapidly, within few minutes after a fatty meal. 
Thus, chylomicron fraction can only be isolated from plasma postprandially as a 
white creamy top layer after centrifugation (Wagner et al.’ 1999). 
1.1.3 Very-low-density lipoprotein (VLDL) 
Very-low-density lipoproteins (VLDL) are triglyceride-rich ones that synthesized in 
the liver and then delivered the de novo synthesized fat to peripheral tissues. 
ApoB-100, which is synthesized in the liver, is the major apolipoprotein in VLDL, 
along with the presence of apoC and E. Concerning the formation of VLDL, its 
triglyceride content is produced in the smooth endoplasmic reticulum, whereas 
apoB-100 and E are synthesized in the rough endoplasmic reticulum (Alexander et 
al.’ 1976). The triglycerides are incorporated with the apolipoproteins, together with 
cholesterol and lesser amount of phospholipids (predominately lecithin and 
sphingomyelin) (Glickman & Sabesin, 1994)，to form the nascent VLDL. The 
nascent VLDL is then transported to the Golgi apparatus for glycosylation of 
lipoproteins prior to its secretion into the plasma (Alexander et al., 1976). It should 
be noted that the triglyceride content of VLDL, as well as the size of the lipoprotein, 
varies with the metabolic state of liver, whilst synthesis of apoB-100 is affected by 
the amount of triglycerides and cholesterol present. 
As chylomicrons, VLDL acquires apoC from HDL after entering the circulation. 
Moreover, VLDL exchanges its triglycerides with the cholesterol esters in HDL, 
which is mediated by cholesterol ester transfer protein (CETP) (Lagrost, 1994). On 
the other hand, lipoprotein lipase interacts with VLDL so as to hydrolyze its 
J 
triglyceride content, whereas most of its apoC are lost simultaneously. After releasing 
most of its fatty acids and diminishes, the remaining particle is termed as VLDL 
remnant, or intermediate-density lipoprotein (IDL) (Wagner et al., 1999). VLDL 
remnants are cleared up from the circulation via two major ways: 1) removed by 
liver via LDL receptors, which recognize the LDL receptor binding domain of 
apoB-100 on the particles and the binding is facilitated by apoE; or 2) converted into 
low-density lipoproteins (LDL) with continuous liberation of triglycerides (Figure 
1.4). 
1.1.4 Low-density lipoprotein (LDL) 
The VLDL remnants that are not cleared from the circulation would be further 
lipolysized into low-density lipoproteins (LDL) by lipoprotein lipase. LDL is 
primarily composed of cholesterol esters while a single molecule of apoB-100, which 
plays a crucial role in LDL clearance, is the only apolipoprotein found on LDL 
(Wagner et al., 1999; Davis, 1991). Approximately 60% of the cholesterol in man is 
transported as LDL (Gotto et al., 1986). Liver is the major site of LDL removal 
(Spady et al., 1983), with approximately 75% of plasma LDL being eliminated from 
circulation via LDL receptors. Detail events in LDL receptor-mediated uptake of 
LDL particles are illustrated in Section 1.1.6.2. 
1.1.5 High-density lipoprotein (HDL) 
High-density lipoprotein (HDL) is a complex group of particles with apoA-1 and 
apoA-2 as the major apolipoproteins. A small amount of apoC and apoE could also 
be found. When being secreted in the liver, nascent HDL particles are rich in apoA 
and phospholipids, small amount of free cholesterol may also be present. Through 
interacting with other lipoproteins in the circulation, such as chylomicrons and 
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VLDL, HDL acquires apoC and apoE, as well as phospholipids and free cholesterol. 
The main function of HDL is to shuttle extrahepatic cholesterol back to liver for 
excretion via reverse cholesterol transport (see Section 1.1.6.3). Furthermore, it also 
acts as a reserve of particles, such as apoC and apoE, that are crucial for 
chylomicrons and VLDL metabolisms (Wagner et al., 1999). 
1.1.6 Lipoprotein metabolism 
1.1.6.1 Exogenous pathway 
Following the absorption of digestive products，triglycerides and cholesterol esters 
are incorporated into the core of chylomicron, which is then secreted into peripheral 
circulation via lymph. During circulating in plasma, apoC-2 on chylomicrons acts as 
cofactor and activates the lipoprotein lipase (Fielding & Havel, 1977). Lipoprotein 
lipase is predominantly synthesized in adipose tissue and muscle, migrates and 
anchored to the luminal side of capillary endothelium. Lipoprotein lipase hence 
hydrolyzes the triglyceride content of chylomicrons and transfers the fatty acids 
formed to peripheral cells (Olivecrona & Bengtsson-Olivecrona，1993). 
As lipolysis proceeds, chylomicrons deflate and serve as a poor substrate for 
lipoprotein lipase, particularly as apoC is depleted. Some of the apoC might then 
contribute to the formation of nascent HDL. The chylomicron remnants contain 
much less triglycerides (about one-tenth) than the newly synthesized chylomicrons, 
while their cholesterol ester contents are similar to that of original ones (Grundy, 
1986). Liver removes the remnants from circulation, mediated by LDL receptors. 
The receptors induce uptake of remnants by recognizing apoE on the particles 
(Mahley & Innerarity, 1983). 
i 
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1.1.6.2 LDL receptor pathway 
LDL receptors, also known as apoB/E receptors, are glycoproteins synthesized and 
excreted to the cell surface, where they are concentrated in coated pits (Figure 1.2). 
By recognizing apoB-100, the LDL particles (or VLDL remnants) interact with the 
ligand-binding domain of the receptors (Russell et al., 1989), and the resultant 
lipoprotein-receptor complexes are taken up by the cell via endocytosis. After 
entering the cytoplasm, the vesicles are merged with lysosomes and the LDL 
receptors are recycled to the cell surface (Brown et al” 1983). Apolipoproteins are 
then degraded into amino acids, whereas cholesterol esters are unesterified and 
utilized for maintaining cell integrity. The synthesis of LDL receptors is dictated by 
the cellular unesterified cholesterol level. With the accumulation of hepatic 
cholesterol level, LDL receptors activity is down-regulated. 
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Figure 1.2 The LDL receptor pathway (adapted from Gaw et al., 1995) 
1.1.6.3 Reverse cholesterol transport 
Reverse cholesterol transport is the key pathway for redistribution and disposal of 
cholesterol (Tall, 1990). Cholesterol is cleared from peripheral tissues primarily in 
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the unesterified form and accepted by the discoidal HDL, which consists of a bilayer 
with no neutral lipid core (Davis, 1991). The free cholesterol is then esterified by 
lecithin:cholesterol acyltransferase (LCAT), which is an enzyme bound on the HDL 
particle with apoA-1 as cofactor. The cholesterol ester formed is strongly 
hydrophobic and shifts into the core of lipoprotein so as to seek for a more 
thermodynamically stable configuration. Moreover, this provides more room for free 
cholesterol uptake from peripheral tissues. On the other hand, phospholipids are 
converted into lysolecithins by LCAT (Applebaum-Bowden, 1995). The discoidal 
HDL assumes spherical, small dense HDL3 form as its total cholesterol content 
increases. As the lipoprotein circulates, it gains more cholesterol and results in larger, 
less dense HDL2. HDL2 may interact and exchange its cholesterol esters with 
triglycerides from VLDL or LDL via the action of CETP (Nestel et al., 1979). The 
HDL2 particles are either directly subjected to hepatic clearance with HDL 
endocytosis, or converted back into HDL3 and are recirculated via losing its 
cholesterol esters by the action of hepatic triglyceride lipase anchored on the 
endothelial cells (Olivecrona & Olivecrona, 1995). HDL3 can then be recirculated to 
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Figure 1.3 Overview of lipoprotein metabolism (adapted from Gaw et al” 1995) 
1.2 Cholesterol homeostasis 
Cholesterol homeostasis is maintained via several input and output pathways, with 
liver as the central organ participating in it. Uptake of lipoprotein cholesterol via 
specific receptors (see Section 1.1.6) and de novo cholesterol biosynthesis serve as 
the major sources of cholesterol input. Cholesterol in liver primarily presents as 
cholesterol ester and free cholesterol. Meanwhile, cholesterol, with free cholesterol 
as the major substrate, is eliminated via degradation into bile acids or canalicular 
secretion. 
1.2.1 Role of Acyl-CoA: Cholesterol Acyltransferase (ACAT) in 
intracellular cholesterol regulation 
Upon internalization of lipoprotein cholesterol via the LDL receptors, the cholesterol 
is subjected to esterification with long-chain fatty acid by acyl-CoA:cholesterol 
acyltransferase (ACAT). The cholesterol ester might either secreted into VLDL or 
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converted back into free cholesterol by cholesterol ester hydrolase for bile acid 
formation (Vlahcevic et al, 1994). ACAT is found to be activated by cholesterol and 
mevalonate (Suckling & Stange, 1985). 
1.2.2 Cholesterol biosynthesis 
Liver plays a key role in de novo cholesterol synthesis which is subject to a diurnal 
rhythm, being higher at night (Shefer et al., 1972). Cholesterol synthesis is composed 
of a cascade of enzymatic reactions, approximately 30 steps, with acetyl-CoA as the 
starting material (Figure 1.4) (Rilling & Chayet, 1985). The acetyl-CoA is first 
converted to mevalonate in the cytosol, which involved three distinct enzymes. 
During the process, 3-hydroxy-3-methyl-glutaryl-Coenzyme A (HMG-CoA) is first 
formed from acetoacetyl-CoA and acetyl-CoA. The HMG-CoA is thus converted into 
mevalonate by HMG-CoA reductase, the rate-limiting enzyme located in the smooth 
endoplasmic reticulum (Goldstein & Brown, 1990). The mevalonate is then 
phosphorylated into a diphospho derivative, isopentenyl pyrophosphate, via an 
ATP-dependent dehydration-decarboxylation reaction. It is condensed into long chain 
hydrocarbon squalene in the cytosol, which is then cyclized to lanosterol. The 
lanosterol is demethylated, and thus undergoes side-chain double bond reduction and 
isomerization into cholesterol (Holloway, 1970). 
The total caloric load and the quantity of cholesterol in hepatocytes could influence 
the rate of cholesterol synthesis (Bennion & Grundy, 1975). With elevating hepatic 
intracellular cholesterol concentration, the cholesterol synthesis would be inhibited, 
probably via reducing the amount of HMG-CoA reductase. Furthermore, there is 
evidence that HMG-CoA reductase mRNA translation and protein turnover rate are 
regulated by mevalonate-derived non-sterol metabolites (Nakanishi et al, 1988). 
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Figure 1.4 Cholesterol biosynthesis in liver. HMG-CoA reductase is the rate-limiting 
enzyme involved. ACAT: acyl-CoA:cholesterol acyltransferase; CEH: cholesterol 
ester hydroxylase; HMG-CoA: 3-hydroxy-3-methyl-glutaryl-Coenzyme A; PP: 
pyrophosphate (modified from Hylemon et al., 2001). 
1.2.3 Bile acid metabolism 
Hepatic cholesterol is mainly eliminated by converting into bile acids and thus 
excreted into bile. The main lipids present in bile are bile acids (67%), phospholipids 
(22%), and cholesterol (mainly in nonesterified form) (4%) (Chag et al., 1996; 
Einarsson & Angelin, 1986). Under normal conditions, there are two metabolic 
pathways involved in bile acid synthesis (Figure 1.5), either initiated by microsomal 
cholesterol 7a-hydroxylase or mitochondrial cholesterol 27-hydroxylase (Axelson & 
Sjovall, 1990). In both pathways, the formation of 7a-hydroxycholesterol is the 
rate-limiting step, which is catabolized by cholesterol 7a-hydroxylase in the 
microsomal fraction. The hydroxylated steroid ring is then transferred to 
mitochondria for side chain oxidation. After a series of oxidation reaction, bile acid 
molecules are formed after side chain cleavage. The resulting cholic acid (3a，7a, 
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12a trihydroxycholanic acid) and chenodeoxycholic acid (3a, 7a dihydroxycholanic 
acid) (Duthie & Wormsley，1979) are regarded as primary bile acids. The detergent 
effect of the molecules is due to the a-oriented hydroxyls projecting from them. 
Moreover, the primary bile acids are conjugated at the carboxyl terminal with either 
taurine or glycine to enhance their solubility in aqueous environment (Figure 1.6). In 
general, taurine conjugates are more soluble than glycine conjugates (Chag et al., 
1996) and the hepatocytes would conjugate the bile acids with taurine if it is 
available (Hardison, 1978)，which is in turn affected by the dietary intake (Sturman 
et al, 1975). In the neutral pathway, both primary bile acids are synthesized in 
similar quantities. Meanwhile, the bile acid biosynthesis initiated by mitochondrial 
27-hydroxylase primarily yields chenodeoxycholic acids. It has been proposed that 
cholesterol 7a-hydroxylase activity is negatively controlled by the magnitude of bile 
acids inflow via the portal vein (Vlahcevic et al., 1992), i.e. the size of the 
enterohepatic circulation of bile acids and the frequency of its cycles. 
The bile acids are thus secreted into bile canaliculi and form mixed micelles with 
lecithin out of the canalicular membranes, while biliary cholesterol dissolves in the 
centre of these micelles. They are hence utilized for promoting dietary lipid digestion 
and absorption. It should be noted that no dietary cholesterol is absorbed in the 
absence of bile acids. Greater than 95% of the secreted bile acids are reabsorbed. For 
the less polar bile acids, such as glycine-conjugated or dihydroxyl bile acids, they are 
protonated in the unstirred water layer and passively reabsorbed in jejunum, ileum 
and colon (Duthie & Wormsley，1979). On the other hand, as trihydroxyl bile acids 
and taurine-conjugated bile acids are fully ionized in the small intestine pH, they are 
actively reabsorbed in the distal ileum via high-affinity NaVanion cotransporter 
instead of being absorbed passively across the lipid domain of enterocytes (Hofmann, 
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1994). Only small part of the bile acids is excreted into the feces. The reabsorbed bile 
acids enter and almost completely removed by the liver via enterohepatic circulation. 
The conjugated primary bile acids would be converted into secondary bile acids via 
the action of anaerobic microflora. It involves deconjugation and 7a-dehydroxylation 
of the cholic acid and chenodeoxycholic acid to form deoxycholic and lithocholic 
derivatives, respectively (Figure 1.6) (Duthie & Wormsley, 1979). In general, 
glycine-conjugates are more ready for deconjugation by intestinal bacteria than the 
taurine-conjugated ones (Hepner et al, 1973; Huijghebaert & Hofmann, 1986). A 
minute proportion of the unconjugated bile acids, particularly deoxycholic acids,“ 
would be selectively reabsorbed from the colon while most of them are excreted into 
feces. On the other hand, some of the chenodeoxycholic acids would be changed to 
its isomeric form, in which the hydroxyl at the 7-position has a P configuration, by 
the intestinal bacterial. Ursodeoxycholic acid is the reduction product of this isomer, 
which is formed when recirculating back to the liver (Einarson & Angelin, 1986). 
Bile acid metabolism is believed to play a crucial role in regulating plasma 
cholesterol concentration. If the reabsorption of bile acids is interrupted, more 
hepatic cholesterol would be converted into bile acids to maintain the balance. 
Consequently, the decrease in hepatic cholesterol concentration would trigger an 
increase in LDL receptor activity in order to compensate for the cholesterol expense, 
which in turn lowers the plasma cholesterol level. 
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Figure 1.5 Neutral and alternative bile acid biosynthetic pathways in the liver. 
CYPSbl is the crucial enzyme in regulating the ratio of cholic acid to 
cheodeoxycholic acid. CYP7al: microsomal cholesterol 7a-hydroxylase; CYP7bl: 
oxysterol 7a-hydroxylase; CYPSbl: sterol 12a-hydroxylase; CYP27: mitochondrial 
cholesterol 27-hydroxylase (modified from Hylemon et al, 2001). 
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,Figure 1.6 Structure of bile acids (adapted from Davenport, 1977). 
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1.3 Coronary heart disease (CHD) 
Coronary heart disease (CHD) has been reported as one of the major health problems 
that encountered by human beings in the past decades and is known to be the leading 
cause of death, particularly in the developed countries (American Heart Association, 
1994; Pyorala et al, 1994). It is predominantly the result of atherosclerosis, which is 
a progressive disease of multifactorial origins. 
Atherosclerosis consists of a number of independent but interrelated events that lead 
to the overall disease, including atheromatous thickening of arterial wall, abnormal 
arterial contraction, platelet-plug formation, and arterial thrombosis (Ball, 2002). It is 
believed to be initiated when blood constituents, such as lipoproteins, leak into the 
arterial wall due to the damage of endothelium. The lipoproteins would either be 
removed as intact particles via reverse cholesterol transport or retain in the intima 
(Nordestgaard & Nielsen, 1994). Accumulation of LDL particles would facilitate the 
oxidation modification of LDL particles by free radicals (Berliner & Heinecke，1996). 
Oxidation of LDL particles involves lipid peroxidation, converting LDL lecithin into 
lysolecithin, as well as peroxidation of unsaturated aldehydes, which in turn react 
with lysines of apoB and facilitate its uptake by macrophages (Steinbrecher et al., 
1987). Consequently, the modified LDL is more likely taken up by macrophages 
and/or smooth muscle cells via acetyl LDL receptors (Pitas, 1990) and form foam 
cells in the intima, instead of being cleared up from the circulation via LDL 
receptors-mediated pathway (Goldstein et al, 1979). Besides, the presence of these 
oxidized LDL stimulates the smooth muscle cells to proliferate and migrate into the 
intima, so as to eliminate these foreign matters by phagocytosis. All these events 
gradually lead to formation of fatty streaks, which are composed of layers of foam 
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cells and scattered extracellular lipid particles (Samar, 1999). The fatty streaks 
thicken gradually and form multiple, individual pool-like aggregates in the 
musculoelastic layer of eccentric thickening. These increase the arterial wall 
thickness and hence narrow the interior part of blood vessels (Stary, 1989). 
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Figure 1.7 Development of atherosclerosis (adapted from Ball, 2002). (a) Lesion of 
endothelial cells; (b) Plaque formation; (c) Arterial thrombosis. 
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On the other hand, the damage of endothelium leads to platelet activation and 
aggregation on the surface. The thromboxanes released by the platelets cause further 
platelet aggregation, which involved in thrombus formation, and contraction of 
smooth muscle cells (Figure 1.7) (Ball, 2002). 
1.3.1 Risk factors of CHD 
CHD can be influenced by many risk factors such as age, gender, menopause, diet, 
alcohol, cigarette smoking, diabetes, hypercholesterolemia, and hypertension. Many 
of these CHD risk factors related to diet and lifestyle are modifiable, while some are 
not, such as gender or menopause. The factors are interrelated and have cumulative 
effect on CHD risk. 
Gender is an important predictor of CHD susceptibility, in which men are more 
likely to develop CHD than premenopausal women (Heller & Jacobs，1978). Women 
are found to be less responsive to the dietary fat. The CHD risk of premenopausal 
women is related to high plasma triglyceride level or low HDL cholesterol 
concentration, whereas for men, high plasma LDL cholesterol level is high 
associated (Castelli, 1988). However, postmenopausal women are subjected to higher 
CHD risk than premenopausal women, as they have significantly higher plasma LDL 
cholesterol and triglyceride concentration (Bonithon-Kopp et al, 1990). It is possible 
that estrogen plays an inhibitory role on CHD (Colditz et al, 1987). 
The composition of the human diet plays a vital role in determining serum 
cholesterol and lipoprotein levels, which in turn affecting CHD risk. Early studies 
investigating the relationship between CHD risk and diet compositions stated that 
there were strong positive correlations between the saturated fat and energy contents 
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of diet and the incidence of CHD, basically by inducing increase in plasma LDL 
fraction (Denke, 1993). It should be noted that only certain saturated fatty acids 
would raise plasma cholesterol levels, such as lauric, myristic, and palmitic acid, 
primarily saturates with carbon length 12，14，and 16 (Denke, 1993). However, 
cw-polyunsaturated fatty acids were shown to reduce LDL cholesterol (Mensink & 
Katan, 1992). Moreover, vegetarians seem to be less likely to suffer from CHD 
(Thorogood et al., 1994). 
Epidemiological studies reported a protective effect of moderate alcohol 
consumption against CHD, since small amount of alcohol would increase the HDL2 
subfraction and act as anticlotting factor (Burr et al, 1986; Haskell et al, 1984). In 
the contrary, excessive alcohol consumption (>89 g/d) was associated with increased 
risk of CHD (Corrao et al, 2000). It is suggested that the beverage type would 
determine its effect on CHD as well. Red wine is reported to impose protective effect 
against CHD by reducing the susceptibility of plasma and LDL to lipid oxidation, 
due to the flavonoids and the antioxidants present in it (Gronbaek et al., 2000). 
However, dietary white wine consumption resulted in increased tendency of plasma 
and LDL to undergo lipid peroxidation (Fuhrman et al, 1995). 
Cigarette smoking is a major cause of CHD, particularly in the young and 
middle-aged population. It would lead to suppression in HDL cholesterol, high serum 
cholesterol, increase in serum fibrinogen levels and high blood pressure (Neaton & 
Wentworth, 1992). Female smokers also have lower serum estrogen levels and earlier 
onset of menopause (Ulstad, 2001). Furthermore, the adverse effects of nicotine, the 
active ingredient of tobacco, include rise in blood pressure, irregular heartbeat, and 
increase platelet stickiness (Antia, 1997). The effect of smoking is dose-dependent, 
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while smoking cessation could effectively lower the CHD risk to the level of 
non-smoker within several years (Rosenberg et al., 1990). 
Diabetes is a more potent risk factor of CHD in women than in men, neglecting the 
gender difference (Rich-Edwards et al, 1995). It probably involved elimination of 
the protective effect imposed by estrogen on premenopasual women. 
Hypertension is defined as systolic blood pressure > 140mm Hg or diastolic blood 
pressure >90mm Hg (Daly-Nee et al, 1999). High diastolic blood pressure is related 
with larger increase in CHD risk by 10-12 folds than those people with lower 
diastolic blood pressure (<79mm Hg) (MacMahon et al, 1990). 
1.3.2 Lipoprotein cholesterol and CHD 
Lipoprotein profile is found to be correlated with the incidence of CHD and 
hypercholesterolemia is estimated to account for 40% of all myocardial infarction 
(Daly-Nee et al., 1999). High plasma total cholesterol (approximately >200 mg/dL) 
and LDL cholesterol concentrations (> 160 mg/dL), and relatively low plasma HDL 
cholesterol level (especially <30 mg/dL) has been epidemiologically linked to the 
development of CHD, as well as the severity of atherosclerosis (Anding et al., 1996; 
Chia, 1991; Kannel et al, 1981; Rifkind, 1990). It is reported that 1% increase in 
HDL cholesterol is associated with 2-4% decrease in CHD risk (Wamick & Wood, 
1995). It is suggested that the ratio between plasma LDL cholesterol and HDL 
cholesterol concentrations, or the ratio of their major apolipoproteins, apoB and 
apoA-1 respectively, is a better predictor of CHD risk compared to the individual 
lipoprotein cholesterol levels alone (Nikkila et al., 1986). A low LDL to HDL 
cholesterol ratio has been shown to protect against CHD (Castelli et al., 1992). 
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Moreover, the predominance of small dense LDL particles was found to be 
atherogenic, particularly in diabetic patients (Austin & Edwards, 1996), since small 
LDL particles are more easily subjected to oxidation and difficult to be cleared from 
the circulation than the larger ones (Tribble et al., 1992). Besides, it has established 
that the combination of elevated plasma triglyceride concentration (above 400 mg/dL) 
and reduction of HDL cholesterol level would result in increase risk of CHD 
(National Cholesterol Education Program, 1993; Phillips et al, 1981). On the other 
hand, CETP activity might be atherogenic. With an increase in CETP activity, the 
apoB-containing lipoproteins would be enriched with cholesterol ester, which would 
in turn hinder hepatic receptor-mediated uptake of these lipoproteins and result in 
accumulation of LDL particles in the circulation (Chait et al； 1984). 
Gender differences in lipoprotein profiles attribute to the incidence of CHD risk. 
Lower plasma LDL and VLDL cholesterol concentrations and higher HDL 
cholesterol level are correlated with the lower incidence of CHD in typical 
premenopausal women when compared with the male of similar ages (Godsland et 
al” 1987). The discrepancy in plasma HDL cholesterol is primarily in the HDL2 
fraction, which is found to be significantly negatively correlated with CHD 
(Godsland et al, 1987; Nikkila et al.’ 1986). This might be due to the key role of 
HDL in reverse cholesterol transport described previously. On the other hand, low 
HDL cholesterol is considered as the strongest predictor of CHD in women, in which 
a decrease in HDL cholesterol of lOmg/dL would lead to an increase in CHD risk by 
40-50% (Byyny & Speroff, 1996). 
In most of the cases, cholesterol disorders are characterized by hypercholesterolemia 
and are primarily dietary in origin. Besides, elevation in plasma cholesterol may 
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occur as a secondary effect of disorders, such as diabetes (Jalili et al., 2001). 
1.4 Animal models for hypercholesterolemic study 
The ideal animal model for hypercholesterolemic studies should fit several 
characteristics that are representative of that in human. The plasma lipoprotein 
concentrations should vary in response to dietary cholesterol challenge, whereas the 
change would be influenced by the composition of the diet, such as the protein, fatty 
acids contents, etc. (Clarkson et al, 1984). In human, cholesterol is transported 
predominantly as LDL and an increase in LDL would be resulted upon dietary 
challenge. Furthermore, gender differences should be revealed as those in human, 
with males developing more severe atherosclerosis (Clarkson et al., 1993). 
Consequently, it is preferable to choose animal models those have major proportion 
of plasma cholesterol as in the LDL fraction and are sensitive to moderate dietary 
cholesterol (<0.15% w/w) (Hassel, 1998; Kris-Etherton & Dietschy，1997). 
Golden Syrian hamster {Mesocricetus auratus) belongs to the family Cridetidae 
(Field & Sibold，1999a). They are active primarily during twilight and during the 
night time. They eat regularly in 2-hour intervals throughout the day and always 
hoard food in their buccal cheek pouches along the lateral sides of the head and neck 
region (Borer et al, 1979). The stomach of hamster is composed of two distinct 
compartments: the keratinized non-glandular forestomach and the glandular stomach. 
They are separated by sphincter-like muscular marginal folds which control the 
passage of ingesta from esophagus to duodenum in 10-60 minutes (Ehle & Wamer， 
1978; Reznik et al, 1978; Wagner & Farrar，1987). The forestomach mimics the 
rumen of herbivores and contains higher concentration of microflora than that in 
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glandular stomach (Borer, 1985; Kunstyr, 1974; Takahashi & Tamate, 1976). The 
medium pH of forestomach is also relatively higher (Wagner & Farrar, 1987). Some 
authors suggested that hamsters might have higher capacity of digesting roughage, 
with the aid of additional bacterial enzyme degradation in the forestomach (Ehle & 
Warner, 1978). The glandular stomach is similar to that found in monogastric animals. 
The hamster has a J-shaped cecum with numerous lateral saccules, hence providing 
higher capacity than the stomach (Krueger & Rieschel, 1950). It was suggested that 
the cecum and colon in hamsters are the key sites of bacterial degradation of fiber, 
due to the presence of microflora (Banta et al, 1975). Besides, like other rodents, 
• hamsters are coprophagous. 
Hamster has been extensively used in studying lipoprotein metabolisms and 
atherosclerosis. They possess several characteristics that make them suitable for 
these research purposes. Hamsters establish relatively high total plasma cholesterol 
among the laboratory animals, which ranges from 112-210 mg/dL (Lee et al., 1959) 
when a standard chow diet is provided, while majority (more than 50%) of the 
plasma cholesterol is transported in the HDL particles (Sessions & Salter，1994). 
However, the lipoprotein profile of hamster is significantly influenced by the dietary 
manipulation. Plasma total cholesterol of hamsters raised by 2- to 4-fold, and 
predominance of VLDL and LDL cholesterol, as in human, could be found when 
high-fat-high-cholesterol diet was given to the hamsters (Kieft et cd., 1991; Nistor et 
al” 1987; Sicart et a!., 1984). In the contrary, a study suggested that the HDL fraction 
of hamsters might increase along with the elevation in LDL cholesterol level when 
hypercholesterolemic diet was fed (Sullivan et al, 1993). Moreover, hamsters, like 
human, has plasma CETP activity which is virtually absent in the other animal 
models (Stein et al, 1990). On the other hand, several studies (Spady & Dietschy， 
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1985; Spady & Dietschy，1988) illustrated that increase in dietary cholesterol content 
gradually elicited an increase in the hepatic cholesterol ester accumulation, whereas 
hepatic receptor-mediated LDL transport was suppressed significantly. Furthermore, 
resembling human, hamsters possess intrinsically low hepatic cholesterogenesis 
(27%), compared with the total body catabolic rate (Spady & Dietschy，1983). 
Hamsters also resemble humans in the manner in which they regulate biliary sterol 
secretion (Nistor et al, 1987; Spady et al., 1985). 
In addition, temperature and the housing conditions of the hamsters would affect the 
lipoprotein metabolism as well. An increase in plasma cholesterol has been reported 
in hamsters when they were exposed to low environmental temperature 
(Sable-Amplis et al, 1978). When the hamsters were housed as a group, they 
established a higher plasma cholesterol and triglyceride concentrations than the 
individually housed ones (Yoganathan et al, 1998). This might be related to the 
changes in aggressiveness and fighting among the grouped animals (Brain, 1972). 
Furthermore, there was a reduction in plasma cholesterol concentration of hamsters 
when they were exposed to shorter photoperiods (Vaughan et al., 1984). 
1.5 Physico-chemical properties of water-soluble dietary 
fiber (SDF) 
Dietary fiber is composed of diverse forms of the structural and storage non-starch 
polysaccharides (NSPs) and lignin in plants that could not be hydrolyzed by the 
human digestive enzymes (ADA, 2002). Although not digestible, dietary fiber is 
considered to have crucial nutritional value due to its importance in maintaining 
functional integrity of the gastrointestinal tract and other beneficial health effects. 
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Among which, water-soluble dietary fiber (SDF) has been proposed to impose 
preventive and therapeutic effect on hypercholesterolemia, a risk factor of 
cardiovascular disease (Brown et aL, 1999; Ross & Leklem, 1981). SDF 
encompasses very diverse macromolecules, including pectins, gums, mucilages, algal 
polysaccharides and several hemicellulose (Glore et aL, 1994). Various SDF are 
reported to have diverse cholesterol-lowering potential, which probably depends on 
their physico-chemical properties. 
The physico-chemical properties of SDF are characterized by its sugar residues and 
• nature of linkage present, which in turn dictates the associated systemic response 
after ingestion. The physico-chemical properties of SDF, that can evoke 
corresponding systemic changes, include water-holding capacity, viscosity, 
adsorption or entrapment of organic molecules, and fermentability. Among the 
various physico-chemical characteristics, the viscosity of fiber source plays a 
particularly crucial role in cholesterol lowering (Gee et aL, 1983). It has been 
proposed that when the viscosity of a SDF was reduced substantially, its 
cholesterol-lowering ability was lost (Davidson et aL, 1998). 
1.5.1 Water-holding capacity 
Polysaccharides are hydrophilic molecules. The free hydroxyl groups in SDF would 
form hydrogen bonds with water molecules and retain them in the ordered 
polysaccharide matrix, which is considered as the water-holding capacity of SDF 
(Oakenfull, 2001). When the water molecules are retained in the polysaccharide 
matrix, the system has the semisolid characteristic of a gel and this hydration 




Viscosity of a liquid is regarded as an internal friction established by its molecules to 
align with, or to deform, the flow under shear (Kissa, 1999). It is regarded as the 
relationship between shear rate (S) and shear stress (F') in the form of FV S. Liquid 
could be categorized as Newtonian or non-Newtonian fluid. Newtonian liquids 
exhibit constant viscosity which is independent of the shear. On the other hand, the 
viscosity of non-Newtonian liquids varies with the shear rate, and demonstrates 
either shear-thinning (pseudoplasticity), shear-thickening (dilatancy), or plastic 
behavior (Papanastasiou, 1994). Shear-thinning is characterized by a gradual 
decrease in apparent viscosity with an increase of shear, whereas the apparent 
viscosity of shear-thickening liquids increases with increasing rate of deformation 
(Goto et al, 1986; Shaw, 1992). The visco-plastic liquids flow only if a shear stress 
exceeding a characteristic stress (the yield stress) is applied on them (Kissa, 1999). 
Below their yield stress, they behave as elastic solids; while beyond this yield point, 
they might behave as Newtonian, shear-thinning, or shear-thickening liquids. 
The physical interactions (entanglement) between the SDF molecules in solution 
contribute to its viscosity (Guillon & Champ，2000). Viscosity of SDF solution 
depends on the structure, molecular weight and concentration of the polysaccharide 
(Wood, 2002). It is proposed that SDF with smaller molecular weight hydrates more 
rapidly and attains higher ultimate viscosity than those with larger molecular weight 
(Ross-Murphy, 1995). 
There are two main categories of rheological measurements, see whether extensive 
deformation of the fluid is involved (Tadros, 1990). When only small deformation of 
the fluid is involved in the measurement, without disturbing the structure of the 
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dispersion from its equilibrium, it measures the intrinsic viscosity of the fluid. 
Intrinsic viscosity represents the contribution of particles to the viscosity of the 
dispersion (Kissa, 1999). By determining the intrinsic viscosity, it could provide 
some information concerning the structure of the system and the interactions between 
the particles. On the other hand, if there is extensive deformation of the system 
during measurement, it describes the behavior under flow condition, which is 
important in practical conditions. 
1.5.3 Adsorption or entrapment of organic molecules 
Besides water, organic molecules may also bind to SDF with varying degree of 
affinities. The ability of various SDF to sequester and even chemically bind with bile 
acids has been suggested to play an important role in its hypocholesterolemic effect. 
The number of free carboxyl groups, particularly the uronic acid content, and 
phenolic compounds in SDF determine its bile acid binding capability (Guillon & 
Champ, 2000). It is proposed that this may be due to the hydrophobic interactions 
and ionic interactions involving Ca^ "^  or Al^ ^ among the SDF and bile acid molecules 
(Thibault et al., 1992). The environmental conditions, the physical and chemical 
states of the fibers, and the nature of bile acids may also influence the adsorption 
capacity of SDF. 
1.5.4 Fermentability 
On the other hand, although dietary fiber is not digestible by human endogenous 
enzymes, most fiber fractions are broken down to different extents by the microflora 
in the colon. This enables the microflora to utilize fiber as a substrate for energy and 
short chain fatty acids (SCFAs) are produced as the by-products. The extent of 
fermentation depends on the accessibility of the dietary fiber to the microflora, which 
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in turn depends on the physical (porosity and surface available for microbial 
degradation) and chemical properties (particular solubility) of the fiber (Guillon & 
Champ, 2000). 
1.6 Hypocholesterolemic effect of SDF and proposed 
mechanisms 
Different specific mechanisms are proposed to be involved in SDF's action on the 
assimilation of dietary lipids, due to the heterogeneity of dietary fiber complex and 
the complexity of the digesta. Firstly, SDF is reported to mediate 
hypocholesterolemic effect by influencing the digestion and absorption of exogenous 
cholesterol (Vahouny et al., 1988). Viscous SDF has been proposed to increase the 
viscosity of the digestive contents, thus regulating digestive organ motility and 
delaying the rate of gastric emptying. The physico-chemical properties of the 
unstirred water layer along the mucosal surface might be thickened simultaneously, 
making the transit of nutrients across this layer more difficult (Vahouny et ciL, 1980). 
Moreover, SDF was shown to compete with intestinal fatty acid binding protein for 
dietary fatty acids (Hegele, 1998). It has been illustrated that a viscous medium could 
hinder the deformation of lipid mass into small droplets, which in turn reduce 
emulsion interfacial area. In addition, viscous SDF may form a monolayer around the 
lipid droplets. These would intensify the accumulation of the lipolytic products, 
non-esterified fatty acids, on the emulsion droplet interface. Consequently, the 
binding and activity of lipases is then modified and the lipid emulsification and 
lipolysis are hindered (Jenkins et al, 1978; Pasquier et al, 1996). 
Most SDF may influence lipoprotein metabolism by specific effects on LDL 
； 
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cholesterol (Anderson et cd., 1990). Plasma HDL cholesterol or triglyceride 
concentrations are in general not affected. SDF might be related to the slow 
conversion of VLDL to LDL and suppression of the ACAT activity (Moundras et al., 
1997; Wilson et al., 2004). The decreased conversion of VLDL to LDL probably 
resulted in a lower LDL apoB flux, thus a fall in plasma apoB concentration (Shen et 
al., 1998). It has been reported that SDF consumption might be associated with 
alternations in lipoprotein lipase and CETP activities (McNamara, 1992). Smaller 
LDL induced by SDF intervention leads to higher number of hepatic LDL receptors 
in guinea pigs (Fernandez, 1995)，as smaller LDL are suggested to be more easily 
removed from plasma. 
SDF is suggested to entrap the bile acids during intraluminal formation of micelles 
and impair its ileal reabsorption, thus promoting their transfer into the large intestine 
and their fecal excretion (Buhman et cd., 2000). The presence of SDF, which is 
probably broken down by the microflora, promotes acidification of the cecal content, 
thus tends to insolublise bile acids and lower its effectiveness of reabsorption 
(Levrat-Vemy et al, 2000). On the other hand, the bile acids entrapped by SDF are 
also degraded into microbially produced derivatives (secondary bile acids) 
(Moundras et al, 1997). Some SDF, such as pectin and oat bran, are shown to vary 
the bile acid pool compositional profile (Hillman et al., 1986), in which the portion 
of deoxycholic acid is increased. Deoxycholic acid, compared to chenodeoxycholic 
acid, is an effective inhibitor of cholesterol absorption in healthy human beings. 
Moreover, deoxycholic acid has been shown to substantially suppress the activity of 
HMG-CoA reductase (Story, et al, 1997). The overall spillover of the bile acid pool 
is liable in turn to elicit an up-regulation of their hepatic synthesis, by stimulating the 
activity of cholesterol 7a-hydroxylase (Andersson et al, 2002), at the expense of the 
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body cholesterol pool. 
Dietary fiber is a major source of energy for bacteria inhabiting the colon. They are 
fermented to SCFAs, predominantly acetic, propionic and n-butyric acids (Davidson 
& McDonald, 1998). Various fibers are fermented to different extents, at diverse rate, 
and to different ratio of SCFAs. SDF could induce specific changes in the SCFA 
molar ratio of cecal SCFAs towards a high propionic acid fermentation (Moundras et 
al., 1997; Stark & Madar, 1993). Increased propionate level has been shown to 
inhibit endogenous cholesterol synthesis by reducing the activity of microsomal 
HMG-CoA reductase (Kishimoto et al., 1995; Drzikova et al., 2005; Wright et al., 
1990). Furthermore, although the role of butyrate in the colon has yet to be fully 
elucidated, butyrate is considered as the preferred energy source for colonic mucosa 
and invokes an enlargement of bacterial mass (Favier et al., 1997; Gelissen & 
Eastwood, 1995). 
Although SDF has been investigated for its hypocholesterolemic effects for decades, 
the underlying mechanisms and corresponding features of fiber still remain 
controversial. It may be due to their different properties according to their sources, 
processing history and fate during their passage in the intestine, which is required to 
be further elucidated. 
1.7 Medicinal properties of edible mushrooms 
1.7.1 Background information 
Edible mushrooms are widely used in traditional Chinese cuisines. Recently, they 
have attracted attention as ideal substances for the dietetic prevention and treatment 
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of certain physiological disorders (Yamamura & Cochran, 1974; Ikekawa et al., 
1969). 
Edible mushrooms, mainly Basidiomycetes, are rich in NSPs (Cheung, 1997) and 
hence are considered as a valuable source of non-digestible polysaccharides and 
hence dietary fiber. The fungal walls are composed of chitin and other 
polysaccharides, such as y^glucan and mannans (Bartnicki-Garcia, 1968). 
1.7.2 Hypocholesterolemic effect of edible mushrooms 
As mentioned in previous section, cardiovascular disease is associated with 
hypercholesterolemia. Mushroom has long been recognized as an effective 
nutraceutical product imposing cholesterol-lowering effects (Table 1.3), particularly 
due to their high content of dietary fiber, protein and phytochemicals, and the 
presence of plant sterols, as well as their low fat content (Kurasawa et al, 1982; 
Story, 1985). It was reported that the cap and stem of mushrooms were effective in 
lowering plasma cholesterol level to various extents (Kaneda & Tokuda, 1966). On 
the other hand, a study merited the water-soluble gel-forming y^glucan of 
mushrooms for their corresponding cholesterol-lowering effects (Bobek et al., 1997). 
Nevertheless, recent studies have focused on the cholesterol-lowering capability of 
either the whole mushroom or phytochemicals found in the fungi. Eritadenine 
isolated from Lentinus edodes was found to influence phospholipid and fatty acid 
metabolism in rats (Shimada et al, 2003), whereas lovastatin presented in Pleurotus 
ostreatus was proposed to induce suppression on the activity of HMG-CoA reductase 
activity in rats (Gunde-Cimerman & Cimerman, 1995). In the contrary, investigations 











































































































































































































































































































































































































































1.7.3 Previous studies on edible jelly mushrooms 
Jelly mushrooms, the fruiting bodies of fungi Heterobasidiae, are categorized into 
three families based on the shape and structure of the basidia, namely 
Dacromycetaceae, Auriculariaceae, and Tremellaceae (Misaki & tCakuta, 1995). 
Auricularia spp. and Tremella spp. are predominantly well-known and used in 
traditional cuisines (Elliott, 1982). Auricularia app. is commonly known as Mu Erh, 
wood ear, or tree ear, whereas Tremella fuciformis and Tremella auricula are known 
as white or silver ear and golden ear, respectively, because of their morphological 
characteristics (Chang & Miles，2004a). For both genera, they are traditionally 
cultivated on a variety of species of woods and can be found in subtropical, tropical 
or even temperate regions. (Chen & Hou, 1978; Cheng & Tu, 1978). Auricularia 
auricula, Auricularia polytricha and T. fuciformis, all saprophytic and heterothallic， 
are the most popular edible species among the two genera (Fox & Wong，1990; 
Raper, 1978). The basidiocarps of jelly mushroom are developed via five stages, i.e. 
primordium stage, coral stage, thin-cup stage, unfolding stage, and maturation stage 
(Luo, 1993; Quimio & Guzman, 1982). 
Their fruiting bodies are characterized by rubbery-gelatinous texture when fresh 
(Luo, 1993)，and hence commonly known as "jelly" mushrooms. The basidiocarp of 
Auricularia spp. shape like human ear with pronounced venous folds on the smooth 
lower surface, whereas some of them bear hairy structure on their upper abhymenial 
surface (Lowy, 1951). Their thickness and color vary with the species, which ranges 
from purplish brown to black, especially when they are dried. It is proposed that the 
color intensity depends on the light intensity that the fruiting body received (Quimio 
& Guzman, 1982). On the other hand, the fruiting body of T. fuciformis is pure white 
and semitransparent when fresh. It is generally composed of 3-10 leaflike, slightly 
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ear-shaped folds, which mimics a chrysanthemum flower. The base of the fruiting 
body spreads out into a yellow cartilaginous layer (Chang & Miles, 2004办).After 
proper drying, it shrinks and becomes thin and friable, whose color is white to light 
yellow. When rehydrated, the fruiting body of all these mushrooms can reconstitute 
their characteristic gelatinous texture. 
Edible jelly mushrooms are regarded as high-fiber food. Although the uronic acids 
constituted only a minor part of the total dietary fiber content (Cheung, 1997), the 
uronic acid content of edible jelly mushrooms is higher than the other mushrooms. 
Tremella spp. and Auricularia spp. are characterized by y^(l-^3)-glucan and acidic 
heteropolysaccharides, which are composed of mannan backbone to which xylose 
and glucuronic acid side chains are attached (Figure 1.8) (Misaki & Kakuta, 1995; 
Baets & Vandamme, 2001). 
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Figure 1.8 Proposed chemical repeating units of fruiting body polysaccharide of 
Tremella fuciformis (adapted from Yui et al, 1995). 
It was reported that dried A. auricula and T. fuciformis powder effectively lowered 
both serum total cholesterol and LDL-C levels in rats (Cheung, 1996). It is thus 
hypothesized that their high-fiber content, particularly uronic acid-containing 
polysaccharides, and gel-forming nature are the possible crucial determinant for their 
hypocholesterolemic potential, similar to other high fiber food (Carr et aL, 2003; 
Komae & Misaki，1989). However, there are limited studies available on the 
i 
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relationship between SDF of edible jelly mushroom or specifically water-soluble 
non-starch polysaccharides (SNSPs) in terms of their physico-chemical properties 
and cholesterol-lowering capability. 
1.8 Objectives 
The effectiveness of water-soluble non-starch polysaccharides (SNSPs) from edible 
jelly mushrooms in modifying cholesterol metabolism and the role of viscosity in 
relation to their cholesterol-lowering potentials in vivo have not been clearly 
elucidated in previous studies. To address these issues, the aims of the present study 
are stated in the followings: 
1. To isolate and characterize the SNSP fractions from edible jelly mushrooms, 
namely Tremella fuciformis (White jelly-leaf), Tremella auricula, Auricularia 
auricula (Tree-ear), Auriculariapolytricha; 
2. To evaluate the in vivo hypocholesterolemic potential of mushroom SNSPs in a 
hamster model; 
3. To investigate the dose-response in vivo hypocholesterolemic effect of mushroom 
SNSPs in hamsters; 
4. To elucidate the possible mechanisms involved in the observed 
cholesterol-lowering effects in hamsters. 
I 
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Chapter 2: Materials and Methods 
2.1 Materials 
2.1.1 Sample preparation 
Four edible jelly mushrooms were chosen to be evaluated in this project. 
Hypocholesterolemic potential of Tremella fuciformis (TF) (Figure 2.1), Tremella 
auricula (TA) (Figure 2.2), Auricularia auricula (AA) (Figure 2.3), and Auricularia 
polytricha (AP) (Figure 2.4) were elucidated in the first part of study whereas only 
AP was appraised for its dosage effect on cholesterol-lowering effect in vivo. All 
mushrooms were purchased in their dehydrated form from local market. 
Mushrooms were frozen at -80°C in deep-freezer (MDF-U50V, Sanyo, Japan) 
overnight and lyophilized in freeze-dryer (Model No. 7960013, Freezone 12， 
Labconco). Dried mushrooms were ground to pass through 0.5mm sieve by hammer 
mill (MFIO, IKA®-Werke, Germany). Powdered samples were packed in airtight 
plastic bottles and stored in desiccators for later use. 
m M 
Figure 2.1 Tremella fuciformis (TF) Figure 2.2 Tremella auricula (TA) 
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Figure 2.3 Auricularia auricula (AA) Figure 2.4 Auricularia polytricha (AP) 
2.1.2 Animal model 
Male golden Syrian hamsters {Mesocricetus auratus) acquired from the Laboratory 
Animal Service Center of The Chinese University of Hong Kong were randomly 
grouped and housed four per stainless steel mesh cage under 12-hour reversed 
light:dark cycle (with dark period from 10:00 to 22:00). Hamsters with initial weight 
100-140g were used in the screening experiment while those employed in the 
dosage-response study initially weighed 90-115g. Animals were fed ad libitum a 
commercial chow diet (Prolab RMH 2500, 5P14, LabDiet) and distilled water during 
the first week of arrival for acclimation. 
2.2 Methods 
2.2.1 Extraction scheme of mushroom water-soluble non-starch 
polysaccharides (SNSPs) 
Mushroom water-soluble non-starch polysaccharides (SNSPs) were obtained via hot 
water extraction. Fifty grams of dried mushroom powder were weighed into 5000ml 
beaker. Distilled water was added in the ratio of 1:30 (w/v) for TF and AP, whereas 
in the ratio of 1:60 (w/v) for TA and AA with good mixing. The mixture was 
gradually heated and maintained within 100 士 10°C for 1 hour with continuous 
agitation. Extract was centrifuged at 17 700 x g for 15 minutes at 4°C to precipitate 
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the residue. Supernatant was then decanted and transferred into dialysis membrane 
tubing (MWCO: 6-8 000，Catalog No. 132665, Spectra/Por®) via filter funnel. After 
tightening the opening of the tubing, it was entirely immersed in a bucket of 
ultra-pure water with occasional stirring and kept at 4°C. Ultra-pure water was 
changed twice per day until its total dissolved solute value was below lOmg/L. The 
content of dialysis tubing was emptied into pre-weighed plastic bottles and inner 
surface of tubing was rinsed with ultra-pure water twice. The retentate in the dialysis 
tubing, along with the washings, was frozen at -80�C overnight and lyophilized. 
Weight of the freeze-dried materials was recorded and regarded as mushroom SNSPs. 
They were then packed in airtight plastic bottles and stored in desiccators for 
subsequent physico-chemical analyses and animal studies. 
2.2.2 Proximate analyses of samples 
2.2.2.1 Crude protein 
Crude protein content of mushrooms was determined by Kjeldahl method according 
to Gunning and Arnold (Pomeranz & Meloan, 1994) with some modifications. 
Duplicate samples were analyzed. To begin with, about 0.5g sample was weighed 
into a 350ml Kjeldahl flask. A piece of Kjeltab (a catalyst, Catalog No. 15270018, 
Foss, Sweden) and 12.5ml of 18M sulfuric acid were added into the flask and swirled 
gently for a while. A small ftmnel was placed onto the mouth of the Kjeldahl flask to 
prevent overflow of content. The mixture was heated gently until the mixture no 
longer frothed and temperature was increased up to 420�C in Kjeldahl digestion 
apparatus (Model No. 2006，Tecator) so that the content in flask boiled briskly. 
Digestion was continued until 30 minutes after the mixture became clear to ensure 
complete oxidation. The Kjeldahl flask was cooled to room temperature in fume 
cupboard and 75ml distilled water was then carefully added into the cooled flask 
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under running tap water. Both Kjeldahl flask and conical flask, which contained 
50ml 2% boric acid adjusted to the screened methyl red end point, were placed into 
the Kjeldahl distillation set (Model No. 1002, Tecator). Fifty millilitres of 40% 
sodium hydroxide was slowly added into the flask to make the solution alkaline. The 
alkaline solution was then steam distillated into a saturated boric acid solution in a 
conical flask up to a volume of 200ml. The boric acid solution, containing the 
distillate, was titrated with O.IM standardized hydrochloric acid and the crude 
protein content of sample was estimated as follows: 
% Nitrogen = (V x M x 1.4)/ W 
% Protein = % Nitrogen x C 
where C: conversion factor = 4.38 (for mushroom) 
M: exact molarity of hydrochloric acid 
V: volume of hydrochloric acid used in titration (ml) 
W: sample weight (g) 
2.2.2.2 Fat 
Fat content of mushroom samples was examined according to the AOAC method 
with some modifications (Randall, 1974). In brief, a Soxtec extraction system 
(Model No. 1043, Tecator, Sweden), which is a continuous extraction apparatus, was 
preheated to 140�C. Approximately 5g of sample in duplicate was weighed into an 
extraction thimble, after which, defatted glass wool was put at the opening of the 
thimble. The thimble was then attached to the thimble adapter and thimble support. 
On the other hand, aluminum cup, containing several anti-bumping granules, was 
weighed and 50ml hexane was added into the cup as extraction solvent. The thimble 
and aluminum cup were hence attached to the Soxtec system firmly. Extraction of 
lipids was carried out by immersing the sample in solvent and boiling for 50 minutes. 
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It was then followed by a 50-minute rinsing process with the condensed solvent. The 
solvent in the extract was removed by desolventization afterward. The cup with 
extracted lipids was removed and dried in 80°C oven for 40 minutes. It was then 
cooled to room temperature in a desiccator and weighed. Oven-drying process was 
repeated until constant weight was attained (successive 40-minute drying periods 
showed additional loss of <0.05% fat). Fat content of sample was stated as 
percentage of sample weight: 
Fat (%) = {[(Total weight of cup + residue) - Weight of empty cup (g)] / Sample 
weight (g)} X 100% 
2.2.2.3 Total dietary fiber 
Determination of total dietary fiber content (TDF) of dried mushroom samples was 
carried out by enzymatic-gravimetric methods (AOAC， 1995) with slight 
modifications. Two blanks were run with samples to measure any contribution from 
the reagents to the final residue. Samples (1.000 土 0.005g) in duplicate were weighed 
into 600ml beakers. Fifty millilitres of Mes/Tris buffer (pH 8.2) was added to each 
sample or blank and mixed thoroughly to prevent lump formation. Heat-stable 
a-amylase (0.1ml)(A3306, Sigma) was added into the mixture to hydrolyze starch 
into dextrines and oligosaccharides, by incubating the beakers covered with 
aluminum foil at 95°C for 15 minutes. After cooling to room temperature, 0.1ml 
protease (50mg/ml, prepared with Mes/Tris buffer, P3910, Sigma) was mixed with 
the mixture and incubated at 60°C for 30 minutes with continuous agitation so as to 
hydrolyze the protein components in the samples. The pH of each mixture was 
adjusted to 4.1-4.8 by adding 0.325M HCl after cooling to room temperature. 
Amyloglucosidase (0.1ml)(A9913, Sigma) was then added and the solution was 
further incubated at 60°C for 30 minutes with continuous agitation. 
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To each enzyme digestate, four volumes of 95% ethanol (v/v) were added after 
cooling down the solution to room temperature. The mixture was swirled gently and 
stood at room temperature for precipitation overnight. The precipitate was recovered 
by centrifugation at 3 800 x g for 15 minutes at 4°C. The residue was washed with 
20ml 78% ethanol for three times, and two times each with 10ml 95% ethanol and 
acetone in sequence. The mixture was vortex-mixed and centrifuged at 3 800 x g for 
10 minutes at 4°C after each addition of solvent in order to thoroughly wash the 
residue. All supematants were discarded after each centrifugation. The residues were 
dried overnight in a 105°C oven for desolventization. The net residue weight was 
calculated by subtracting the weight of the reagent blank. TDF content was expressed 
as percentage of sample weight: 
TDF (%) = {[(Net sample residue weight) - (Net blank residue weight) (g)] / 
(Sample weight) (g)} x 100% 
2.2.2.4 Soluble and insoluble dietary fiber 
Soluble and insoluble dietary fiber contents of dried mushroom samples were 
investigated by the enzymatic-gravimetric methods as illustrated by AO AC (1995) 
with slight modifications. For soluble and insoluble dietary fiber content analyses, 
duplicate samples were subjected to enzyme digestion (as described in Section 
2.2.2.3). However, the enzyme digestate was centrifuged at 3 800 x g for 15 minutes 
at 4°C before the ethanol precipitation step. The residue was rinsed with 10ml 70°C 
water twice followed by centrifugation. The supematants (with water washing) were 
collected for the determination of soluble dietary fiber (SDF). The residue was 
washed two times each with 15ml 78% ethanol, 95% ethanol and acetone 
sequentially. Mixture was vortex-mixed and centrifuged at 3 800 x g for 10 minutes 
at 4°C after each solvent wash. The residues were oven-dried at 105°C overnight and 
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weighed. Insoluble dietary fiber content (IDF) of sample was calculated as in the 
following: 
IDF (%) = {[(Net sample residue weight) - (Net blank residue weight) (g)] / 
(Sample weight) (g)} x 100% 
On the other hand, 4 volumes of 95% ethanol (v/v) were added to the supernatant 
obtained from the enzyme digestate and stood overnight at room temperature so that 
soluble dietary fiber (SDF) could be precipitated out. Mixture was transferred to 
polythene tubes and precipitate was collected by centrifiigation at 3 800 x g for 15 
minutes at 4°C. The residue was then washed as in Section 2.2.2.3. The residues were 
dried in 105°C oven overnight and weighed. The net residue weight was calculated 
by subtracting the weight of the reagent blank. SDF content was expressed as 
percentage of sample weight: 
SDF (%) = {[(Net sample residue weight) - (Net blank residue weight) (g)] / 
(Sample weight) (g)} x 100% 
2.2.2.5 Ash 
Ash content (inorganic matter) of dried mushroom powders was investigated using 
the dry ashing method (Pomeranz and Meloan, 1994)，in which complete combustion 
of organic matter was involved. Weights of empty porcelain crucibles with lids were 
recorded. Samples in duplicate (each about 3g sample) were weighed into the 
pre-weighed crucibles with lids. The crucibles (with lids covered) were then put into 
a muffle furnace (Vulcan'^'^ A-550，NEY) at 550�C overnight. After taking the 
crucibles out from the furnace, they were cooled in desiccators. The crucibles with 
lids were then weighed. Ash content of the sample was expressed as percentage of 
sample weight as: 
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Ash content (%) = [(Net residue weight)(g) / Sample weight (g)] x 100% 
2.2.2.6 Moisture 
Infrared drying method (Isengard, 1995), a mean of thermogravimetric method, was 
applied for moisture content determination of the mushroom samples. Infrared 
radiation with wavelength 2|j.m to 3.5|j.m was utilized to heat up the sample from the 
bottom and evaporate the water molecules. Thermal printer (LC P45, Mettler Toledo, 
Switzerland) was connected to the infrared dryer (LP 16J, Mettler Toledo, 
Switzerland) prior to investigation. Infrared dryer was set at 120�C and the results 
were "set to print once per 30 seconds. The lid of the infrared dryer was opened and 
an aluminium pan was placed on its balance. Sample, about 4g，was weighed onto 
the pan. Sample was evenly distributed to cover entire surface of the pan before 
closing the lid of the infrared dryer and starting the heating process. The 
measurement was taken when 2 identical readings appeared consequently. Results 
were expressed as percentage dry weight or percentage moisture of sample. 
2.2.3 Chemical characterization of mushroom SNSPs 
2.2.3.1 Monosaccharide composition by gas chromatography 
Mushroom SNSPs were depolymerized by acid hydrolysis and their monosaccharide 
compositions were determined by gas chromatography (Brummer & Cui, 2005). 
Sugar standards were prepared with 50% saturated benzoic acid solution beforehand. 
They included 1) arabinose, 2) fucose, 3) galactose, 4) galactosamine, 5) 
glucosamine, 6) glucose, 7) mannose, 8) rhamnose，9) ribose, and 10) xylose. 
About 13-18mg samples were weighed in duplicate into screw-capped test tubes. 
Acid depolymerization was started by adding 0.7ml 12M concentrated sulfuric acid 
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and samples were dispersed by continuous stirring at 35�C for 60 minutes. After 
adding 3.5ml distilled water, the samples were heated at 95 C with continuous 
agitation for 60 minutes. The samples were cooled to room temperature under 
tap-water. Three millilitres of the resultant hydrolysate was transferred into a test 
tube and the remaining hydrolysate was reserved for total sugar and acidic sugar 
analyses afterwards. 
Aldital acetate derivative of the neutral sugars in the hydrolysate and sugar standard 
was prepared as follow. The hydrolysates (3ml) from above were cooled in ice-bath 
while 1ml allose as internal standard (Img/ml in 50% saturated benzoic acid solution) 
was added. 12M and 2M ammonia (1.25ml each) was added into samples and 
standard, respectively and vortex-mixed. After adjusting the mixture to alkali pH ( � 8 ) 
with ammonia, octan-l-ol, an anti-foaming agent，was added. Freshly prepared 
sodium borohydride (0.2ml)(200mg/ml in 2M ammonia) was mixed and the mixture 
was kept at 40°C for 30 minutes. Glacial acetic acid (0.4ml) was added to acidify the 
sample and remove excess sodium borohydride. The acetylated sample (0.2ml) was 
transferred into a new test tube into which 0.3ml 1 -methylimidazole and 2ml acetic 
anhydride were added in sequence. The mixture was vortex-mixed and left for 10 
minutes at room temperature. Excess acetic anhydride was degraded by adding 5ml 
distilled water with vortex-mixing and cooling under tap-water to room temperature. 
Dichloromethane (1ml) was added, vortex-mixed and stood at room temperature for 
10 minutes for phase separation. Upper layer was discarded and the bottom layer was 
washed with 2ml distilled water twice. The final bottom layer was dried with 
anhydrous NazSCU and the sample was stored in vial at -20°C before the gas 
chromatographic analysis. 
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Monosaccharides in the sample were analyzed as neutral sugar derivatives in an 
Alltech DB-225 capillary column (15m x 0.25mm i.d., 0.25|_im film) by gas 
chromatography (6890, Hewlett-Packard, USA). The oven temperature was set at 
170°C and gradually increased to 220°C at a rate of 2°C/min with a final hold for 10 
minutes. The temperature of the injector and detector was set at 270°C. Helium was 
used as the carrier gas and samples were detected by flame ionization. 
Quantification of monosaccharide components in the sample requires the 
determination of the response factor for each monosaccharide. This is to correct for 
the different detector response as to individual monosaccharides and losses arising 
from hydrolysis and derivatization. Response factor was calculated using the 
following equation: 
Response factor (RF) = (As x Wm) / (Am x Ws) 
where Am： peak area of monosaccharide standard 
As： peak area of internal standard 
Wm: weight of individual monosaccharide standard (mg) 
Ws： weight of internal standard (mg) 
Percentage content of each monosaccharide residue in samples was calculated as 
follows: 
Monosaccharide content (%) = [(RF x Asa x Ws x F x DF) / (As x S)] x 100% 
where As： peak area of internal standard in sample solution 
Asa: peak area of monosaccharide in sample 
DF: Dilution factor of sample 
F: factor for converting monosaccharides to polysaccharide residues 
=0.88 for pentoses or 0.90 for hexoses 
RF: response factor for corresponding monosaccharide 
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S: weight of sample used (mg) 
Ws： weight of internal standard in sample solution (mg) 
2.2.3.2 Total carbohydrate content 
Total carbohydrate content of mushroom SNSPs was evaluated by the 
phenol-sulphuric acid method (Dubois, 1956). Ten microlitres of the hydrolysate of 
each mushroom SNSP (acquired in Section 2.2.3.1) was mixed with 2M sulfuric acid 
to make up to a volume of 0.5ml. On the other hand, same volume of 2M H2SO4 was 
used as blank and a standard calibration curve was set up by using glucose (G7528, 
Sigma) as the sugar standard. The 0.5ml sample, blank or sugar standard was then 
vortex-mixed with 0.5ml phenol in water. After addition of 2.5ml concentrated 
H2SO4 rapidly, the mixture was vortex-mixed, and allowed to stand at room 
temperature for 30 minutes. The total carbohydrate content was measured by reading 
sample absorbance at 490mn against 2M H2SO4 blank. Sugar content of samples was 
determined using the calibration curve of glucose standard with the consideration of 
sample dilution. 
2.2.3.3 Uronic acid content 
As with neutral polysaccharides, acidic sugars must be hydrolysed prior to analysis. 
Uronic acid content of mushroom SNSPs was determined using a spectrophotometric 
method with modifications (Scott, 1979). An aliquot (0.3ml) of hydrolysate (obtained 
in Section 2.2.3.1) was added to 0.3ml sodium chloride/ boric acid solution (2g 
sodium chloride and 3g boric acid dissolved in 100ml water) and thoroughly mixed. 
On the other hand, 2M H2SO4 was used as blank whereas galacturonic acid (G2125, 
Sigma) was used for establishing a standard curve. Five millilitres of 18M 
concentrated sulfuric acid was added to the mixture, vortex-mixed, and incubated at 
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70°C for 40 minutes. After cooling the mixture to room temperature, 0.2ml 
dimethylphenol (O.lg 3,5-dimethylphenol dissolving in 100ml glacial acetic acid) 
was added. The mixture was stood at room temperature for 10 minutes after thorough 
mixing. Absorbance of sample mixtures at 400nm and 450nm was measured against 
the reagent blank. The absorbance reading at 400nm was then subtracted from its 
corresponding reading at 450nm so as to correct for the interference from hexoses. 
Uronic acid content in the sample was thus determined from the galacturonic acid 
standard curve with the consideration of sample dilution. 
2.2.3.4 Soluble protein content 
Soluble protein content of mushroom SNSPs was determined using a commercial kit 
(Procedure No. P5656, Sigma) based on the method illustrated by Lowry et al. (1951) 
with some modifications. One millilitre of the albumin standard solution (400)j,g/ml, 
Catalog No. P7656, Sigma) was added to a test tube. One millilitre of deionized 
water was used as blank. Besides, dried mushroom SNSPs were reconstituted and 
made up to 1ml with deionized water. Lowry reagent solution (lml)(Catalog No. 
L1013, Sigma) was added to each standard, blank, and sample. The mixtures were 
mixed and allowed to stand at room temperature for 20 minutes. With rapid and 
immediate mixing, 0.5ml Folin & Ciocalteu,s phenol reagent working solution 
(Catalog No. F9252, Sigma) was added to each tube and color was allowed to 
develop for 30 minutes at room temperature. Absorbance of standards or samples 
was read against blank at 750nm within 30 minutes. Calibration curve was thus 
prepared by plotting the absorbance of standards at 750nin against their 
corresponding protein concentrations. Consequently, sample protein content was 
determined from the calibration curve and multiplied by an appropriate dilution 
factor. 
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2.2.4 Rheological study of mushroom SNSPs 
2.2.4.1 Determination of intrinsic viscosity [77] of mushroom SNSPs 
Intrinsic viscosity (77) of mushroom SNSPs was determined by a glass capillary 
Cannon-Ubbelohde viscometer (#100，Catalog No. 98921-53, Cole-Parmer 
Instrument Co., USA) (Figure 2,5). The presence of pressure-equalization tube 
ensures the pressure difference between the top of bulb and the end of capillary is 
solely due to the hydrostatic pressure of sample. Samples are assumed to exhibit 
Newtonian behavior over the entire range of shear rates encountered by the fluid as it 
passes down the capillary. 
After loaded with a known volume of sample, the viscometer was submerged 
vertically into a 37 土 O.5OC water bath. Sample was allowed to equilibrate at water 
bath temperature for 30mins. Sample was then drawn up the capillary and there 
should be no bubble in the sample throughout the measurement. Time required for 
solvent or sample to flow under atmospheric pressure through 2 etched marks on the 
capillary was recorded and the flow time required for each sample at different 
concentrations was taken in triplicate. As Ubbelohde viscometer does not require a 
constant loading volume, viscosity of mushroom SNSP at various concentrations 
could be investigated by serial diluting and well-mixing of the stock solutions (0.5% 
w/v) with ultra-pure water. Viscosity of the sample was calculated as follows: 
Viscosity (//sample Of 77soivcnt)(centistokes) = T (second) x 0.015 (centistrokes/second) 
where "sample: viscosity of sample 
•solvent: viscosity of solvent (ultra-pure water) 
T: efflux time of sample or solvent (second) 
and 0.015 (centistokes/ second) was the viscometer constant. 
Relative and specific viscosities were then calculated as in the following (Kissa, 
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1999): 
Relative viscosity (^re la t ive ) = " sample / "solvent 
Specific viscosity (^ spec i f i c ) = ( " s a m p l e _ " so lven t ) / ^solvent 
Inherent viscosity and reduced viscosity were plotted against mushroom SNSP 
concentrations (Kissa, 1999), in which 
Inherent viscosity (dL/g) = ln(77reiative)/c 
Reduced viscosity (dL/g) = T/specific/c 
where c = concentration of mushroom SNSP (g/dL) 
The plots were then extrapolated to zero concentration and mean intercepts obtained 
represented the intrinsic viscosity of the corresponding mushroom SNSP. Intrinsic 
viscosity of mushroom SNSPs were expressed as dL/g. 
Viscometer was thoroughly cleaned by distilled water, 78% and 95% ethanol, and 
acetone (each for three times) sequentially. It was allowed to be air-dried before 
taking measurement of another sample. Condition of the viscometer was checked by 
measuring the flow time of ultrapure water. 
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2.2.4.2 Determination of apparent viscosity [T/ap] of mushroom SNSPs 
Apparent viscosity (z/ap) and flow behavior of mushroom SNSPs were evaluated by a 
digital rheometer (LVDV-III, Brookfield Engineering Laboratories, Inc., USA) 
(Figure 2.6). This instrument measures the torque required to rotate the immersed 
spindle in a fluid. The spindle is driven by a synchronous motor through a calibrated 
spring and the deflection of spring is indicated on the display. For a given spindle 
geometry and speed, the deflection of spring is proportional to the fluid viscosity. 
Cylindrical spindle LV # 1, with defined geometry for calculating shear rate and shear 
stress values, was used throughout the study. All rheological measurements of fluid 
flow properties were supposed to be made under laminar flow conditions. A 
temperature probe was provided to monitor sample temperature continuously during 
measurement. 
Mushroom SNSP sample (0.3% w/v) was prepared using ultra-pure water and 
maintained at 37 士 0.2OC in a 600ml beaker. The sample in the beaker should be free 
from entrapped air. The spindle (LV#1) was fully immersed in the sample and 
temperatures of sample and spindle were equilibrated at 37°C before viscosity 
reading. Homogeneity of sample was ensured by simple stirring prior to the 
measurement. Torque required to rotate the immersed spindle at defined shear rate 
was then recorded 2.5 minutes afterwards at each spindle speed for the reading to 
reach apparent equilibrium. Sample viscosity at various spindle speed (0-60 rpm) 
was noted. Apparent viscosity ("ap)，shear rate (S) and shear stress (F') of samples 
were then calculated as in the following (Brookfield, 1995), 
Apparent viscosity (poise) = A x F 
Shear rate (sec'^ ) = [2coRc^ Rb^  ] / - Rb^ )] 
‘ Shear stress (dynes/cm^) = M / (27rRb^ L) 
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where A: viscometer display reading 
F: spindle factor = 60 / N 
CO： angular velocity of spindle (radian/second) = (2n / 60) x N 
N: speed of spindle (rpm) 
Rc： radius of sample container (cm) 
Rb： radius of spindle (cm) 
X： radius at which shear rate is being calculated (cm) 
M: torque input by instrument (dyne-cm) = (T x 673.7)/100 
T: torque display reading 
L: effective length of spindle (cm) 
Apparent viscosity (poise) or shear stress (dynes/cm^) was plotted against shear rate 
(sec'i) to obtain corresponding flow behavior of samples. 
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Figure 2.6 Setup for measuring apparent viscosity of mushroom SNSPs 
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2.2.5 In vivo study 
2.2.5.1 Animal diets 
2.2.5.1.1 Study for hypocholesterolemic potential of mushrooms SNSPs 
During the first week of arrival (week 0)，male golden Syrian hamsters were fed a 
commercial chow diet for acclimation. All hamsters were subsequently switched to a 
purified cholesterol-containing (0.1%) high-fat (15%) diet for 5 week (week 1-5) to 
induce hypercholesterolemia. The high-fat diet was prepared based on AIN-93™ 
purified diet (Reeves et al., 1993) with some modifications and its composition is 
listed in Table 2.1. 
2.2.5.1.2 Study for dose-dependent effect on hypocholesterolemic potential of 
Auricularia polytricha (AP) SNSP 
Male Golden Syrian hamsters, except those in the normal diet control group (N_Ctrl), 
were given purified high-fat diet (Table 2.1) after one-week normal diet adaptation 
(week 0). At the end of week 1，AP-powder mix diet control group (AP—Ctrl) was 
switched to a cholesterol-containing high-fat diet mixed with dried AP powder for 4 
weeks (week 2-5), while the other groups (except N_Ctrl) were fed to the high-fat 
diet continuously. The AP-powder mixed diet was formulated as stated in Table 2.2. 
N—Ctrl group was fed with commercial chow diet throughout the study. 
J 
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Table 2.1 Cholesterol-containing high-fat diet* formulated for in vivo study. 
Ingredient g/lOOg diet 





Mineral mix (AIN-93-MX) 3.5 
Vitamin mix (AIN-93-VX) 1.0 
Cholesterol 0.1 
DL-methionine 0.3 
* Modified from AIN-93™ diet (Reeves et al., 1993) 
Table 2.2 Composition of cholesterol-containing high-fat AP-powder mixed diet*. 
Ingredient g/lOOg diet 




Dried AP mushroom powder 10.0 
Cellulose 0.0 
Mineral mix (AIN-93-MX) 3.5 
Vitamin mix (AIN-93-VX) 1.0 
Cholesterol 0.1 
DL-methionine 0.3 
* Modified from AIN-93™ diet (Reeves et al., 1993) 
2.2.5.2 Feeding experiments 
2.2.5.2.1 Screening for hypocholesterolemic potential of mushroom SNSPs 
Forty male Golden Syrian hamsters were randomly assigned to five different groups, 
namely, control (Ctrl), TF, TA, AA, and AP diet groups. Each group consisted of 
eight hamsters. At the end of commercial chow diet acclimation, all hamsters were 
switched to a purified high-fat diet indicated in Table 2.1. After a week of adaptation 
to the change of diet, the four mushroom diet groups were force-fed with their 
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respective mushroom SNSP solutions (3% w/v) (at the time of 8:00 and 20:00 hours; 
2ml, equivalent to a daily intake of O.lg/ lOOg body weight) whereas control group 
was force-fed with distilled water. They had free access of the high-fat diet and 
distilled water for 4 weeks simultaneously, except when food was withheld prior to 
blood sample collection. Diet was renewed everyday and food intakes were recorded 
daily, while body weight was taken in a weekly base. 
2.2.5.2.2 Dose-dependent effect on hypocholesterolemic potential of AP SNSP 
Forty-eight male Golden Syrian hamsters were randomly allocated to six different 
groups, including a normal diet control (N—Ctrl), a high-fat diet control (HF_Ctrl), a 
AP-powder mix diet control (AP_Ctrl), as well as 2%, 3%, and 4% AP diet group 
(2% W/E, 3% W/E, and 4% W/E, respectively). At the end of commercial chow diet 
acclimation, HF_Ctrl, AP—Ctrl，2%, 3%, and 4% W/E groups were switched to a 
purified high-fat diet (Table 2.1), where as N_Ctrl was still given commercial chow 
diet thereafter. After a week of adaptation to the change of diet, only AP—Ctrl was 
switched to AP-powder mix diet (prepared as in Table 2.2). 
After one-week high-fat diet acclimation, the 2% W/E, 3% W/E, and 4% W/E groups 
were force-fed with respective concentrations (2%, 3%, and 4% w/v) of AP 
mushroom SNSP solutions (at 8:00 and 20:00 hours, 2ml) for four weeks, whereas 
N_Ctrl, HF_Ctrl, and AP_Ctrl groups were force-fed with distilled water instead. 
They were given the diet and distilled water ad libitum during the study period, 
except before blood sample collection. Fresh diet was given on each day and food 
intakes were recorded daily, whilst body weight was taken weekly. 
2.2.5.3 Blood samples collection 
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In both screening and dosage studies, blood samples were taken to establish baseline 
plasma lipid profile after 1-week commercial chow diet acclimation. On the other 
hand, blood samples were collected periodically at the end of week 1，3，and 5, so as 
to investigate changes in the plasma cholesterol profile. Hamsters were deprived of 
food for 13-15 hours before blood sample collection. Blood samples (�1.5ml) were 
drawn from the orbital venous sinus of the hamsters using capillary tubes and kept in 
appropriately labelled eppendorf at 4°C. 
2.2.5.4 Plasma preparation 
Blood samples were centrifuged at 800 x g for 10 min and supematants obtained 
were subjected to centrifugation again under the same conditions. Plasma (the final 
supernatant acquired) was removed and kept at -20�C for further analysis within a 
week. 
2.2.5.5 Liver samples collection and preparation 
At the end of week 6, hamsters were terminated under anesthesia. Livers were 
excised after blood sample collection, rinsed with saline (0.9% NaCl), blotted dry 
and weighed. They were then immediately frozen in liquid nitrogen and stored at 
-80�C until hepatic cholesterol and microsomal enzyme activity analyses. 
2.2.5.6 Fecal samples collection and preparation 
In both screening and dosage studies, one-week fecal pool was collected from each 
group during week 5. Fecal samples were frozen at -80°C overnight, lyophilized 
(Model No. 77535-01, Labconco) and ground by mortar. Powdered fecal samples 
were stored in polythene tubes and stored in desiccators for neutral sterol and bile 
acid analyses. 
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2.2.5.7 Determination of plasma lipid profiles 
2.2.5.7.1 Plasma total cholesterol (TC) analysis 
Plasma total cholesterol (TC) was determined by an enzymatic-colorimetric kit 
(Procedure no. 1010，Stanbio，USA). The analysis utilizes cholesterol esterase and 
cholesterol oxidase in combination with the peroxidase/ phenol-4-antipyrine reagent. 
Cholesterol esters presented in sample are hydrolyzed by cholesterol esterase into 
free cholesterol, which is in turn oxidized by oxidase. The final quinoneimine 
chromogen produced, in the presence of 4-aminophenazone, phenol, and peroxidase, 
can be quantified by spectrophotometry. The color intensity is proportional to the 
total cholesterol concentration. A lipid clearing factor is included to minimize 
interference due to lipemia. 
One millilitre of enzymatic cholesterol reagent (Ref. No. 1011) was added into 
cuvettes labeled as blank, standard, or samples respectively. Ten microlitres of 
cholesterol standard (200mg/dL) (Ref. No. 1012) or plasma sample (acquired as in 
Section 2.2.5.4) was then added into the corresponding cuvettes and vortex-mixed. 
The mixtures were incubated at room temperature for 10 minutes and their 
absorbances at SOOnm were thus measured against the reagent blank within 60 
minutes. Sample total cholesterol concentration was calculated according to the 
following equation: 
Plasma total cholesterol (TC) (mg/dL) = ( A s a m p i e / As t anda rd ) x 2 0 0 (mg/dL) 
where A: absorbance at 500nm 
and 200 (mg/dL) was the cholesterol concentration of the standard. 
2.2.5.7.2 Plasma high-density lipoprotein cholesterol (HDL-C) analysis 
Quantitative measurement of plasma high-density lipoprotein cholesterol (HDL-C) 
54 
was carried out using a Direct HDL-Cholesterol LiquiColor® kit (Procedure no. 0590, 
Stanbio, USA). It includes stabilization of low-density lipoprotein cholesterol (LDL), 
very-low-density lipoprotein cholesterol (VLDL), and chylomicrons and selective 
enzymatic reaction with cholesterol present in HDL particles. 
Three hundred microlitres of Direct HDL LiquiColor® buffer (Rl) (Catalog No. 0591) 
was mixed with 3pi plasma sample (obtained as in Section 2.2.5.4) or direct HDL 
calibrator (59mg/dL) (Catalog No.0595-003), followed by 5-minute incubation at 
37°C. One hundred microlitres of direct HDL LiquiColor® enzyme (R2) (Catalog No. 
0592) was added into the mixture and then incubated at 37°C for 5 minutes. The 
mixtures were subjected to spectrophotometric measurement against a reagent blank 
(containing Rl and R2 only) and the absorbance difference of 700nm and 600nm 
was calculated as in the following: 
Plasma HDL-C (mg/dL) = (Asampie 丨 Acaiibrator) X 59 (mg/dL) 
where A: absorbance difference of 700nm and 600nm 
and 59 (mg/dL) was the HDL-C concentration of the calibrator. 
2.2.5.7.3 Plasma triglycerides (TG) analysis 
Plasma triglycerides (TG) concentration was investigated using an 
enzymatic-colorimetric kit (Procedure No. 2100，Stanbio, USA). Triglycerides 
presented in the samples are first hydrolyzed into glycerol and fatty acids by the 
action of lipase. Glycerol is then phosphorylated by adenosine-5‘-triphosphate, 
which is catalyzed by glycerol kinase, to produce glycerol-3-phosphate (G-3-P) and 
adenosine-5'-diphosphate. The G-3-P is oxidized by glycerylphosphate oxidase 
producing dihydroxyacetone phosphate and hydrogen peroxide. Peroxide reacts with 
4-aminoantipyrine and 4-chlorophenol under the catalytic action of peroxidase to 
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form quinoneimine. The color intensity developed is thus proportional to the sample 
triglycerides concentration. Lipid clearing factor is integrated to minimize 
interference due to lipemia. 
Triglyceride reagent (30ml) (Ref. No. 2101) was first activated by addition of 300|al 
of triglyceride activator (Ref. No. 2102), invert-mixed gently and allowed to stand 
for at least 15 minutes at room temperature. One millilitre of activated triglyceride 
reagent was added into cuvettes, which were properly labeled as blank, standard, or 
samples. Ten microlitres of triglyceride standard (200ml/dL) (Ref. No. 2103) or 
plasma samples (acquired as in Section 2.2.5.4) was then added into corresponding 
cuvettes and vortex-mixed. The mixture was incubated at room temperature for 10 
minutes, after which the absorbance at 500nm was measured against reagent blank 
within 60 minutes. Plasma triglyceride concentration was determined using the 
following equation: 
Plasma triglycerides (TG) (mg/dL) = (Asampie, Astandard) x 200 (mg/dL) 
where A: absorbance at 500nm 
and 200 (mg/dL) was the concentration of standard. 
2.2.5.8 Determination of hepatic cholesterol profile by gas chromatography 
About 300mg liver sample (acquired as in Section 2.2.5.5) was weighed into a 
polythene tube, after which, chloroform: methanol mixture (2:1，v/v) was added up to 
15ml and 3ml of saline (0.9% NaCl) was also added for cholesterol extraction (Folch 
et aL, 1957). Stigmastanol (Img) (24a-ethyl-5a-cholestan-3P-ol, Catalog No. 
S-4297, Sigma) was added as internal standard (Chan et aL, 1999). The liver tissue 
was then thoroughly homogenized with a polytron homogenizer (Polytron® PT3000, 
Kinematica AG, Switzerland). The homogenizing probe was washed with chloroform: 
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methanol mixture (2:1，v/v) and the washing was collected into the corresponding 
tube. Homogenate was then subjected to centrifUgation at 1 500 x g for 10 minutes at 
4°C. The bottom organic layer was transferred into a screw-capped tube and dried 
down by nitrogen gas. Five millilitres of IN NaOH in 90% ethanol was added and 
the mixture was heated at 90°C for 1 hour. After cooled down to room temperature, 
1ml distilled water and 6ml cyclohexane were added for fatty acids separation. The 
mixture was vortex-mixed thoroughly before undergoing centrifugation (1 500 x g 
for 10 minutes at 4°C). The upper organic layer was thus transferred to a new 
toluene-treated screw-capped tube and dried by nitrogen gas. Three hundred 
microlitres of TMS reagent (trimethyIchlorosilane: hexamethyIdisilazane: pyridine, 
1:3:9, v/v/v, Sigma-Sil-A, Catalog No. 1391, Sigma) was added and the mixture was 
heated at 60°C for 1 hour before dried out by nitrogen gas, allowing transformation 
of cholesterol into trimethylsilyl-ether derivatives. The residue was dissolved in 
600)il of hexane, vortex-mixed and subjected to centrifugation (1 500 x g for 10 
minutes at 4°C). The final hexane layer was collected for gas chromatographic 
analysis. 
Hepatic total cholesterol was analyzed as TMS-ether derivatives in a fused silica 
capillary column (SAC™-5, Supelco, Inc., Bellefonte, PA, USA) by gas 
chromatography (GC-14B, Shimadzu) equipped with a flame-ionization detector 
(Shimadzu). The oven temperature was set at 285°C and maintained for 20 minutes. 
Helium was used as carrier gas, which was maintained at constant pressure (22psi) 
(Chan et al, 1999). 
Sample hepatic cholesterol concentration was calculated according to the following 
equation: 
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Hepatic cholesterol concentration (mg/g) = (Peak area of cholesterol in sample/ 
Peak area of internal standard) x [Amount of internal standard added (mg)/ Amount 
of liver sample used (g)] 
2.2.5.9 Determination of hepatic enzymes activity 
2.2.5.9.1 Preparation of hepatic microsomes 
Isolation of hepatic microsomes was based on the method by Erickson et al. (1977) 
with slight modifications. One gram of liver samples (acquired as in Section 2.2.5.5) 
from each hamster in each diet group were pooled and about 2g of liver sample were 
taken for hepatic microsome separation. The liver sample was kept at 4°C at all time 
and was homogenized in 8ml of ice-cold buffer (O.IM sucrose, 0.05M KCl, 0.03M 
EDTA, 0.04M KH2PO4, pH 7.2) for less than 30 seconds at moderate speed (20-25, 
OOOrpm). The homogenate was centrifuged twice for 10 minutes at 12 000 x gat 4°C. 
The floating upper lipid layer was removed by filtering the supernatant through 
gauze after each centrifugation. The supernatant was centrifuged for 60 minutes at 
105 000 X g at 4°C. The microsomal pellet formed was subsequently resuspended in 
2ml of the above ice-cold buffer by gentle homogenization. Protein content of 
hepatic microsomes was determined using a protein assay kit (Procedure No. P5656, 
Sigma). The microsomes were then stored at a -80°C deep freezer until further 
analysis. 
2.2.5.9.2 Determination of 3-hydroxy-3-methyl-glutaryl-Coenzyme A reductase 
(HMG-CoA reductase) activity 
HMG-CoA reductase activity was investigated according to the methods of Shapiro 
et al (1974) and Lee et al. (1999) with slight modifications. Four hundred 
micrograms of microsomal protein (obtained as in Section 2.2.5.9.1) was mixed with 
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an assay buffer (54mM dithiothreitol and 16mM NADPH, pH 7.2) and preincubated 
at 37°C for 20 minutes with gentle shaking. Ten microlitres of cold HMG-CoA 
mixture, containing 5mg/ml cold HMG-CoA powder (Catalog No. H6132, Sigma) 
and ICi/mol DL-3-[glutaryl-3-^^C]-HMG-CoA (Catalog No. NEC-642, PerkinElmer) 
dissolved in an assay buffer (Catalog No. NEC-642, PerkinElmer), was added and 
the incubation was carried out for another 60 minutes at 37°C with gentle shaking. 
The enzymatic reaction was terminated via the addition of 20)li1 of 5N HCl. Five 
microlitres of RS-[5-^H(N)]-mevalonolactone (ImCi/ml) (NET-602, PerkinElmer) 
was then added as internal standard. The resultant reaction mixture was incubated for 
a further 30 minutes at 37°C with gentle shaking to allow lactonization of mevalonate 
into mevalonolactone. The incubation mixture was then centrifuged at 9 800 x g for 
10 minutes so as to precipitate the protein. Supernatant was spotted on silica-gel/TLC 
plate (DC-Alufolien-Kieselgel, Fluka) which was developed in pure ethanol (95%) 
and air-dried afterwards. 2',7'-dichlorofluorescein (Catalog No. D6665, Sigma) 
(0.2% in ethanol) was used as dye. The region corresponding to mevalonolactone 
was scraped and its '"^ C and ^H activities were determined by a liquid scintillation 
counter (LS 6500 Multi-Purpose Scintillation Counter, Beckman Coulter, USA) 
(Figure 2.7) simultaneously. Radioactivity of liquid scintillation cocktail (Ready 
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Figure 2.7 Liquid scintillation counter measuring dual labels 
HMG-CoA reductase activity was calculated in the following and expressed as 
picomole mevalonolactone synthesized per min.per mg microsomal protein. 
HMG-CoA reductase activity = [(Rsampie - Rbiank) x F] / (C x T x W) 
where A: ^H radioactivity measured by scintillation counter (dpm) 
C: Conversion factor of radioactivity into mole of mevalonolactone 
=ICi/mol = 2.22 dpm/ picomole 
F: Correction factor for the recovery of internal standard in TLC 
separation 
=[Activity of internal standard used (dpm)] / [Net radioactivity of 
internal standard measured (dpm)] 
=5|aCi / (Astandard- Abiank) 
=1.11 X 107 dpm / (Astandard- Abiank) 
R: 14c radioactivity measured by scintillation counter (dpm) 
T: Reaction time = 60 minutes 
W: Microsomal protein used (mg) 
* 1 Ci = 37MBq = 2.22 x dpm 
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2.2.5.10 Determination of fecal lipid profiles by gas chromatography 
2.2.5.10.1 Separation of fecal neutral and acidic sterols 
Fecal neutral sterols and bile acids contents were analyzed according to the methods 
described by Chan et al. (1999). One millilitre of stigmasterol (0.3mg/ml in 
chloroform, Catalog No. S2424, Sigma) and one millilitre of hyodeoxycholic acid 
(0.3mg/ml in IN NaOH，Catalog No. H3878, Sigma) were added into screw-capped 
tubes as internal standard for neutral and acidic sterols analysis, respectively. 
Portions of 300 mg of fecal sample (acquired as in Section 2.2.5.6) were added into 
the tubes and saponified with 7ml of IN ethanolic (90%) NaOH. The mixture was 
thoroughly mixed and heated at 90°C for 1 hour. After cooling down to room 
temperature, 1ml distilled water and 8ml cyclohexane were added for extraction of 
sterols. The mixture was vortex-mixed and undergone centrifugation at 1 500 x g for 
10 minutes at 4°C. The upper cyclohexane layer was transferred to toluene-treated 
scew-capped tube for neutral sterol determination whereas the aqueous phase was 
left for acidic sterol determination. 
2.2.5.10.2 Fecal neutral sterol analysis 
The cyclohexane phase (acquired as in Section 2.2.5.10.1) was removed under a 
stream of nitrogen before adding 300|il of TMS reagent. After heating at 60°C for 1 
hour, the solvent was dried by nitrogen and 450|j.l of hexane was added as extraction 
solvent. The mixture was centrifuged at 1 500 x g for 10 minutes at 4°C and the final 
hexane layer obtained, containing the TMS-ether derivatives, was subject to gas 
chromatographic analysis. 
Fecal neutral sterols were analyzed as TMS-ether derivatives in a fused silica 
capillary column (SAC™-5, Supelco, Inc., Bellefonte, PA, USA) by gas 
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chromatography (HP6890 Series GC system, Hewlett Packard) equipped with a 
flame-ionization detector (G2397A, Hewlett Packard). The oven temperature was 
programmed as 285°C for 30 minutes, using helium as carrier gas (maintaining at 
constant pressure, 22psi) (Chan et al., 1999). Four types of neutral sterols in the 
samples were identified by comparing the retention time of sample peaks with that of 
standards, namely coprostanol (Catalog No. C7578, Sigma), coprostanone (Catalog 
No. C2152, Sigma), cholesterol (Catalog No. C8667，Sigma), and dihydrocholesterol 
(Catalog No. D6128，Sigma). 
Individual fecal neutral sterol concentration was calculated as follows: 
Fecal neutral sterol concentration (mg/g) = (Peak area of sterol in sample/ Peak 
area of internal standard) x [Amount of internal standard added (mg)/ Amount of 
fecal sample used (g)] 
Total fecal neutral sterols concentrations were calculated as the sum of the four 
targeted neutral sterols. 
2.2.5.10.3 Fecal acidic sterol analysis 
One millilitre of 1 ON NaOH was added into the remaining aqueous phase (obtained 
as in Section 2.2.5.10.1) and heated at 120°C for 3 hours. One milllitre of distilled 
water and 3ml of HCl (25% HCl) were then added after cooling the mixture to room 
temperature. The mixture was extracted with 7ml of diethyl ether twice 
(vortex-mixed and centrifuged at 1 500 x g for 10 minutes at 4°C subsequent to each 
addition). The upper diethyl ether phase was transferred into toluene-treated 
screw-capped tube and the solvent was evaporated by nitrogen. The nitrogen-dried 
extracts were methylated by adding 2ml of methanol, 2ml of dimethoxypropane and 
40fj.l of concentrated HCl (37%) sequentially. The mixture was stood overnight at 
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room temperature after thorough mixing. Solvent was removed by a stream of 
nitrogen and 300|a,l of TMS reagent was added. The mixture was heated at 60°C for 
an hour and then the solvent was evaporated by nitrogen. Hexane (450|j.l) was added 
for extracting the TMS-ether derivatives, which were analyzed by gas 
chromatography subsequently. 
The esterified bile acids were analyzed in a fused silica capillary column by gas 
chromatography, coupled with a flame-ionization detector. The initial oven 
temperature was set at 250°C and then gradually increased to 270°C (0.5°C/ minute, 
held for 10 minutes). Helium (22psi) was used as carrier gas, which was kept at 
constant pressure (Chan et al., 1999). Five types of acidic sterols in the samples were 
identified by comparing the retention time of sample peaks with that of standards, 
including lithocholic acid (Catalog No. L6250, Sigma), deoxycholic acid (Catalog 
No. D2510, Sigma), chenodeoxycholic acid (Catalog No. C9377, Sigma), cholic acid 
(Catalog No. CI 129，Sigma) and ursodeoxycholic acid (Catalog No. U5127, Sigma). 
Acidic sterol concentrations in the sample were obtained by the following equation: 
Fecal acidic sterol concentration (mg/g) = (Peak area of sterol in sample/ Peak area 
of internal standard) x [Amount of internal standard added (mg)/ Amount of fecal 
sample used (g)] 
Total amounts of fecal bile acid content were calculated as the sum of the five 
targeted acidic sterols. 
2.2.6 Statistical analysis 
Analyses of samples were carried out in duplicates, except in determining 
HMG-GoA reductase activities (Section 2.2.5.9.2) in which quadruplicates were used. 
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Data were expressed as means 土 standard deviations. In intrinsic and apparent 
viscosity measurements (Section 2.2.4.1 and 2.2.4.2), only the mean values were 
used to plot the corresponding flow diagrams. 
In in vivo screening study for the hypocholesterolemic potential of the jelly 
mushrooms (Section 2.2.5.2.1), difference of means between the control group and 
mushroom SNSP-fed groups were compared by student's t test (p<0.05). On the 
other hand, comparison between means of various groups in dosage effect study 
(Section 2.2.5.2.2) were done by one-way ANOVA along with Tukey's multiple 
comparisons tests (p<0.05). All the above tests were done by the Statistical Package 
for Social Sciences (SPSS 13.0, 2005). 
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Chapter 3: Results and Discussion 
3.1 Proximate analysis of edible jelly mushrooms 
The proximate chemical composition of lyophilized jelly mushroom powders are 
listed in Table 3.1. All the jelly mushrooms investigated were rich in dietary fiber 
content (approximately 60 - 85%), followed by ash, protein, moisture, carbohydrates 
and trace amount of fat. These agreed with the previous studies that mushrooms were 
novel sources of dietary fiber with low fat content (Kurasawa et al., 1982; Story, 
1985). Among the jelly mushrooms investigated, Auricularia auricula (AA) 
exhibited the highest dietary fiber content (85.3%) (Table 3.1). Although the high 
dietary fiber content of jelly mushrooms were mainly contributed by the insoluble 
fiber (IDF) (66-92% of total dietary fiber content), the soluble fiber (SDF) in the 
mushrooms also played a significant role, particularly for Tremella auricula (TA) and 
Auricularia polytricha (AP) (Table 3.1). It is believed that SDF could impose 
beneficial effects on physiological functions in human, for instance, therapeutic 
effect on hypercholesterolemia (Brown et al” 1999). It was found that the total 
dietary fiber content of TA obtained by summation of SDF and IDF (75.6%) was 
particularly higher than that determined in the independent analysis (69.7%), which 
could not be established in the other mushroom samples (Table 3.1). It might be due 
to the particularly high SDF content of TA. It was suggested that determination of 
dietary fiber content of natural foods containing more than 8% SDF by the 
enzymatic-gravimetric method might be difficult as it was subjected to larger error 
(Lee, 1992). There were great differences in ash content among samples as well. The 
remarkably low ash content of AA might be due to the presence of some volatile 
minerals in the sample, which might be lost during the ashing process. On the other 








































































































































































































































































































3.2 Yield of mushroom SNSP crude extracts 
Lyophilized mushroom powders were subjected to hot water extraction so as to 
obtain mushroom soluble dietary fiber (SDF) or more specifically water-soluble 
non-starch polysaccharides (SNSPs) for physico-chemical analysis and animal 
studies. As shown in Table 3.2, the yield of the mushroom SNSPs was fairly high 
(ranged from 12% to 20%), which might be due to the solubility of the mushroom 
fiber components. The relatively more efficient extraction of TA and AA SNSPs 
might be due to the higher proportion of water (1:60 w/v) added. Thus the mushroom 
powders could be well-dispersed in the mixture and establish better interaction with 
the water molecules. However, for the convenience in handling, particularly in the 
dialysis process，the amount of water added was kept as less as possible, in which 
satisfactory extraction yield could still be achieved. Consequently, the sample:water 
ratio of TF and AP was kept at 1:30, whereas that of TA and AA was doubled, since 
they were more ready to form gel and hindered agitation during extraction if too little 
water was used. 
Table 3.2 Extraction yield of the crude hot-water extract of lyophilized jelly 
mushrooms^ 
Mushroom Sample:Distilled water ratio (w/v) Extraction yield (%) 
TF 1:30 17.8 
TA 1:60 20.9 
AA 1:60 20.0 
AP ^ U ^ 
a Data are means values of duplicate determinations. 
i 
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3.3 Chemical characterization of mushroom SNSPs 
3.3.1 Total carbohydrate content 
The total carbohydrate content of the mushroom SNSPs were quantified by the 
phenol-sulphuric acid assay, using glucose as standard for constructing a calibration 
curve. The jelly mushroom SNSPs had similar total carbohydrate content ranging 
between 75-79% (Table 3.3)，which indicated that the hot-water extraction method 
(as described in Section 2.2.1) could effectively isolate the target SNSP fraction from 
the samples. However, there was a small portion of non-carbohydrate (mainly protein) 
co-existed in the mushroom SNSP samples. There was no considerable difference 
between the Tremella and Auricularia mushrooms. 
3.3.2 Uronic acid content 
The acidic sugar content of the mushroom SNSPs were quantified as uronic acids. A 
substantial amount of acidic sugars were found in similar level in the four extracted 
mushroom SNSPs (Table 3.3). No considerable difference could be found among the 
Tremella and Auricularia SNSPs. This was consistent with the previous findings that 
water extraction of jelly mushrooms yielded acidic heteropolysaccharides (Baets & 
Vandamme, 2001; Misaki & Kakuta^ 1995). 
3.3.3 Soluble protein content 
The soluble protein content of the mushroom SNSPs were determined by the 
Lowry-Folin method. As show in Table 3.3，all the mushroom SNSPs only consisted 
of a relatively small amount of soluble protein (1-10%), which was in good 
agreement with their high total carbohydrate content. Among the samples, TA SNSP 
showed a fairly low protein content of only 1.5%. 
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Table 3.3 Chemical composition (% dry weight) of edible jelly mushroom SNSPs" 
Mushroom SNSP Total carbohydrate Acidic sugars Soluble protein 
~TF h ^ 
TA 78.6 16.3 1.46 
AA 75.4 18.4 5.11 
AP 
� D a t a re means values of duplicate determinations. 
3.3.4 Monosaccharide composition 
The monosaccharide composition of the mushroom SNSPs were investigated using 
gas chromatography and the results are listed in Table 3.4. For the four mushroom 
SNSPs investigated, they all contained substantial amount of maimose (17-27%) and, 
to a lesser extent, glucose (3-27%). The Auricularia SNSPs had particularly higher 
glucose content that the Tremella SNSPs. TF had been found to be rich in acidic 
glucuronoxylomannans, which might account for its high mannose content (Kakuta 
et aL, 1979). It was unexpected to find that there were considerable amount of 
arabinose in the four mushroom SNSPs, which had not been reported in the previous 
studies. On the other hand, the AA and AP SNSPs did not contain any xylose, which 
was quite different from the Tremella SNSPs and contradictory to the study by Yoon 
et al (2003) in which 25% xylose was found in A. auricula. Besides mannose, 
glucose, and arabinose, TF SNSP was composed of a considerable amount of fucose 
(about 8%) which was consistent with a previous study (Baets & Vandamme，2001). 
Furthermore, the four mushroom SNSPs contained a considerable amount of amino 
sugars, glucosamine and particularly galactosamine, which indicated the presence of 










































































































































































































































































































































3.4 Rheological behavior of mushroom SNSPs 
3.4.1 Intrinsic viscosity [TJ] 
Viscosity of dietary fibers has been suggested to play a key role in their 
hypocholesterolemic effect (Can et al, 2003), and thus the intrinsic viscosity of 
mushroom SNSPs was investigated. Intrinsic viscosity was determined by plotting 
the inherent viscosity and reduced viscosity against mushroom SNSP concentrations. 
Theoretically, the common intercept of the plots at zero concentration represents the 
intrinsic viscosity of the samples. Nevertheless, for the four mushroom SNSPs 
studied, the plots could not intersect with each other at a common point on the y-axis 
(Figure 3.1-3.4). Consequently, mean intercept of the plots was considered as the 
intrinsic viscosity of the corresponding mushroom SNSPs. The viscous nature of the 
samples and the narrow range of mushroom SNSP concentrations investigated might 
lead to this deviation. In the capillary viscometer, the shear rate gradually increases 
from zero at the centre to its maximum value at the wall boundary, instead of being a 
constant (Kissa, 1999). Thus, the solution is subjected to diverse shear rate when it 
flows through the capillary. However, for most solutions, they exhibit 
non-Newtonian behavior, in which their viscosities are shear rate-dependent. As a 
consequence, the intrinsic viscosity could only be determined when the sample used 
is in the low shear region of its flow curve. In other words, when concentration of the 
polymer solution is sufficiently low, then, the shear rate and shear stress can establish 
a linear relationship. In the present study, although the range of sample solution 
being investigated was maintained at the low concentration region (<0.3 g/dL), it 
might be still beyond the critical concentration, above which the flow curve became 
shear-dependent (Ross-Murphy, 1995; Wood, 2002), and led to the deviations in the 
viscosity measurement. Moreover, due to the viscous nature of the samples, readings 
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could only be obtained within a very narrow and low concentration region, and thus, 
the measurement was subjected to higher risk of error. 
The intrinsic viscosity of the mushroom SNSPs was quite diverse as shown in the 
present results (Table 3.5). TF SNSP had the highest intrinsic viscosity among the 
samples, followed by AA and TA SNSPs, whereas that of AP SNSP was the lowest 
one. Intrinsic viscosity of TF SNSP was even more than 3 folds of that of AP SNSP. 
This indicated that, even in the same genus {Auricularia), the mushroom SNSPs (AA 
and AP) exhibited quite different rheological properties. This variation might be 
• related to the molecular weight of the mushroom SNSPs, hence the volume of the 
individual polymer chain (Robinson et al., 1982). 
Intrinsic viscosity represents the contribution of particles to the viscosity of the 
dispersion, which is proportional to the volume of individual polymer chain 
(Ross-Murphy, 1995). Based on the Mark-Houwink equation, the average molecular 
weight is correlated with the intrinsic viscosity of polymer in a specific solvent as 
stated. 
[7] = ™ , 
where r|: intrinsic viscosity of sample 
K and a: empirical constants; a = 0 for sphere, 1.8 for a rod, and 
0.5-0.8 for flexible polymers 
Mr： average molecular weight 
The empirical constants, K and a, vary with the type of polymer, solvent, and the 
temperature at which the viscosity is determined. For polysaccharides, these 
constants are primarily affected by the geometry of the interresidue linkages within 
the polymer chains (Wang & Cui，2005). Hence, if the mushroom SNSPs 
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Figure 3.1 Determination of intrinsic viscosity of TF SNSP. Relative viscosity (^rei) 
and specific viscosity (T/sp) were determined using a capillary Ubbelohde viscometer 
at 37±0.5°C. Intrinsic viscosity (77) of TF SNSP was interpreted as mean of the 
intercepts of the two plots ln(7rei) c"' ( • ) or ”一 c ( • ) against sample concentrations, 
which have been extrapolated to zero concentration. 
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Figure 3.2 Determination of intrinsic viscosity of TA SNSP. Relative viscosity ("rei) 
and specific viscosity (r/sp) were determined using a capillary Ubbelohde viscometer 
at 37土O.5OC. Intrinsic viscosity (77) of TA SNSP was interpreted as mean of the 
intercepts of the two plots ln(77rd) c'^  ( • ) or T/sp/c ( • ) against sample concentrations, 
which have been extrapolated to zero concentration. 
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Figure 3.3 Determination of intrinsic viscosity of AA SNSP. Relative viscosity (tJki) 
and specific viscosity (T/sp) were determined using a capillary Ubbelohde viscometer 
at 37±0.5�C. Intrinsic viscosity (7) of AA SNSP was interpreted as mean of the 
intercepts of the two plots ln(77rei) c"^  ( • ) or rj一 c ( • ) against sample concentrations, 
which have been extrapolated to zero concentration. 
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Figure 3.4 Determination of intrinsic viscosity of AP SNSP. Relative viscosity (^rei) 
and specific viscosity ("sp) were determined using a capillary Ubbelohde viscometer 
at 37土0.5°C. Intrinsic viscosity (7) of AP SNSP was interpreted as mean of the 
intercepts of the two plots ln(77rei) c"^  ( • ) or "sp/c ( • ) against sample concentrations, 
which have been extrapolated to zero concentration. 
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demonstrated similar structural conformation in the solvent system, their intrinsic 
viscosities would be closely related to their polymer molecular weight (Shaw, 1992). 
With higher molecular weight, the SNSP would have larger hydrodynamic volume 
and hinder the solvent flow. Thus, the SNSP solution would be more viscous. 
Although no corresponding Mark-Houwink constant was provided, the intrinsic 
viscosity of the mushroom SNSPs could give some qualitative idea on their 
molecular weight and/or conformation. Since TF had the highest intrinsic viscosity 
among the samples, it might have a larger molecular weight and present in a more 
flexible form in the solvent. On the other hand, the size and/or conformation of the 
AP SNSP should be significantly different from those of the other samples 
investigated, due to its markedly low intrinsic viscosity (Table 3.5)，which needed to 
be confirmed by further structural investigation. 
Table 3.5 Intrinsic viscosity" (dL/g) of edible jelly mushroom SNSPs 





o Data are mean values of duplicate determinations. 
3.4.2 Apparent viscosity [77ap] 
Figure 3.5 shows the apparent viscosity of mushroom SNSPs at various shear rates. 
Under low shear rates (<5 sec"^), AP SNSP solution had the highest viscosity. The 
apparent viscosity of AP SNSP was more than 2 folds higher than that of the other 
SNSP samples when shear rate was below 2 sec'^ SNSPs from Auricularia (AA and 
AP) generally exhibited higher apparent viscosities than those from Tremella (TF and 
TA) at the same shear rate, which was quite different from that related to their 
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intrinsic viscosities (Table 3.5). However, when the shear rate increased (>5 sec''), 
the apparent viscosity of the mushroom SNSPs dropped drastically and leveled to 
zero (Figure 3.5). It was suggested that the range of shear rates, in which 
shear-thinning behavior occurred, was depended on the particle size and shape of the 
molecules (Mewis et al, 1989). 
Flow behavior of mushroom SNSP solutions (0.3% w/v) are illustrated in Figure 3.6. 
All SNSP samples exhibited shear-thinning behavior under the experimental 
conditions. This indicated that the shear stress-shear rate relationship of all 
mushroom SNSP solutions was a nonlinear one and characterized by a more steeply 
increase in shear stress at low shear rates than at high shear rates. This flow behavior 
might be due to, either, (1) re-alignment of the SNSP particles into layers that were 
parallel to the flow, or (2) distortion of existing particle aggregation when the shear 
rate increased (Papanastasiou, 1994; Shaw, 1992). However, TA SNSP solution 
tended to demonstrate a shear thickening effect, as the viscosity increased slightly 
with an increase in shear rate. Since the concentration of TA SNSP used in the 
measurement was quite low (only 0.3% w/v), the effect was not so obvious. 
On the other hand, for the Auricularia SNSPs (AA and, particularly AP), a yield 
point must be reached before flow began, since their flow curves intersected the 
y-axis instead of the origin (Figure 3.6). In other words, the AA and AP solution 
systems started to flow like viscous liquids only after the yield stress had been 
exceeded. Once the yield stress was applied to the sample (approximately 1.48 and 
0.373 dynes/cm^ for AP and AA SNSP, respectively) (Figure 3.7) to deform the 







i ； [TTF 
1 400 •丁A i • AA i C ： oAPj 
I g; 300 < • • 
\ 0 
200 \ \ \ \ 
0 _ , 
0 2 4 6 8 10 12 14 
Shear rate (sec"') 
Figure 3.5 Apparent viscosity as a function of shear rate for mushroom SNSP 
solutions (0.3% w/v) at 37 士 0.2°C. Viscosity at defined shear rate was measured by 
a Brookfield digital rheometer LV DV-III with cylindrical spindle LV #1 (spindle 
speed 0 - 60rpm). Data are mean values of duplicate determinations. 
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Figure 3.6 Flow behavior of mushroom SNSP solutions (0.3% w/v) at 37 土 OJOC. 
Viscosity at defined shear rate was measured by a Brookfield digital rheometer LV 
DV-III with cylindrical spindle LV #1 (spindle speed 0 - 60rpm). Data are mean 
values of duplicate determinations. 
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(plastic) behavior and demonstrated effectively higher apparent viscosities than the 
other two Tremella samples. 
y = 0 . 8 0 8 5 x + 0 . 1 4 2 7 
3 R2 = 0 . 9 9 5 8 
I 2.5 二.： 
y = 0 . 3 9 3 2 x + 1 . 2 1 8 4 o - ' ^ - ： ^ 
2 - R 2 = 0.9947 O . - -。 - -。：； ^ • 一 F T ^ 
I 1 5 y = 0 . 5 0 7 2 x . 0 . 6 1 0 7 y = 0 . 6 1 2 1 x - 0 . 0 2 9 7 丨 M 
0.5 - ： 乂 
0 ‘ ‘ ‘ ^ ‘ ‘ ‘ 
0 0 . 5 1 1 .5 2 2 . 5 3 3 . 5 4 
/ " S h e a r ra te (sec""^) 
Figure 3.7 Determination of the yield value of mushroom SNSPs by plotting the 
square roots of average shear stress against the corresponding square roots of average 
shear rate. The yield values were determined as the y-intercepts by extrapolating the 
plots to zero shear rate. 
3.5 In vivo hypocholesterolemic potential of mushroom 
SNSPs 
Although edible mushrooms are found to have cholesterol-lowering potential 
(Cheung, 1998; Fukushima et al., 2001)，very few studies have addressed the effects 
of their SNSPs on lipid profiles in vivo. Based on the results in Section 3.1-3.4，the 
high-fiber edible jelly mushroom might be effective in lowering 
hypercholesterolemia similar to other high-fiber foods (Anderson et al., 19906; 
Cheung, 1996)，owing to the viscous nature of their SNSPs. In the following, the 
SNSP extracts of different edible jelly mushrooms and the role of their 
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physico-chemical characteristics in influencing the lipid metabolism were assessed in 
a hamster model. 
3.5.1 Effect on body weight and diet intake 
Throughout the animal feeding experiments, no significant difference (p>0.05) in 
body weight or diet intake was found among the control and the 4 treatment groups 
(Figures 3.8 - 3.9). There was a slightly drop in the body weight of hamsters during 
week 0 to week 1 (Figure 3.8), which was probably due to the changes in the 
environment to the animals. The hamsters were subjected to 12-hoiir reversed 
lightidark cycle (with dark period from 10:00 to 22:00) after arrival. It took time for 
the animal to adapt to this alternation in photoperiod, and caging conditions, thus 
might affect their feeding pattern in the beginning. Consequently, it was not surprised 
to find that the diet intake of hamsters gradually rose and maintained at relatively 
steady levels after a week of acclimation (Figure 3.9). On the other hand, the diet 
intake of the animals was kept at lower levels during week 1 to week 5, compared 
with the normal diet adaptation period at week 0 (Figure 3.9). Hamsters were 
switched to a cholesterol-containing (0.1%) high-fat (15%) diet after normal diet 
adaptation. Due to the high fat content, it provided more energy per unit weight than 
that of commercial chow diet. Moreover, fat could give the sense of satiety when 
consumed. Thus, the animals could obtain sufficient energy to support growth, with 
steady increase in body weight (Figure 3.8), by consuming less amount of diet per 
unit body weight. Furthermore, due to the bulk of mushroom SNSPs fed，the 
hamsters could have the sense of fullness by consuming less diet. In addition, force 
feeding of mushroom SNSPs might lead to discomfort of the hamsters and slightly 
affected their appetite in the beginning. Although there was a larger fluctuation in 
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diet intake in the AP SNSP treatment group, no significant difference (/7>0.05) could 
be found when compared with the control. This might be partly because of the eating 
habit of hamsters, which would hoard food in their cheek pouches and the comers of 
the cages (Borer et al., 1979). Deviations in weighing might also be due to loss of 
tiny diet residues through the base of mesh cages after biting down by the animals. 
All these might affect the accuracy of estimating the daily diet intake. 
f-.r 〜 一 
120 iL . �� ^.-
、 、 一 Z ： 一 — — — Hi 
C3» � 一 I 、、囑 Ctrl 
§ 1 1。• ‘ 一 TF 
I � . -�•-� . . ---TA 




80 • I 
X , . , 
0 1 2 3 4 5 6 
W»«k of •xpvrimcnt 
Figure 3.8 Body weight of male golden Syrian hamsters fed cholesterol-containing 
(0.1%) high-fat (15%) diet (HF diet) with 3% mushroom SNSP for 4 weeks. Data are 
mean values of eight determinations per group. (Week 0: normal diet adaptation; 
Week 1: HF diet adaptation; Week 2-5: HF diet with 3% mushroom SNSP). 
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Figure 3.9 Diet intake of male golden Syrian hamsters fed cholesterol-containing 
� ( 0 . 1 % ) high-fat (15%) diet (HF diet) with 3% mushroom SNSP for 4 weeks. Data are 
mean values of eight determinations per group. (Week 0: normal diet adaptation; 
Week 1: HF diet adaptation; Week 2-5: HF diet with 3% mushroom SNSP). 
3.5.2 Effect on plasma TC concentration 
Blood samples were collected from the fasting hamsters after a week of normal diet 
adaptation (week 0). Plasma total cholesterol (TC) concentration of each sample was 
thus determined and served as the baseline level, which approximately ranged from 
70-90 mg/dL (Figure 3.10). This fell within the range of plasma TC concentration 
(25-180 mg/dL) for the healthy hamsters (Wagner et al., 1999) and might be a proof 
for the health status of the animals, particularly in cholesterol metabolism. The 
purified cholesterol-containing high-fat diet successfully induced 
hypercholesterolemia in hamsters after a week's consumption, which resulted in 
48-87% increase in plasma TC, except AP SNSP treatment group (Table 3.6). This 
suggested that the animals were sensitive to dietary change and hence served as an 
appropriate model for the present study of hypercholesterolemia. Only TF and AP 
SNSP treatment groups exhibited significant difference (p<0.05) in plasma TC after 
consuming the cholesterol-containing high-fat diet for a week (week 1)，when 
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compared with the control (Table 3.6) (^0.05). These might be related to the diet 
intake of the groups during that period. It was suggested that the lipoprotein profile 
of hamster was subjected to dietary manipulation, in which administration of high-fat 
diet would result in elevating plasma TC level (Sicart et al., 1984). During week 1, 
the average diet intake of TF treatment group was about 29% higher than that of 
control, whereas the average diet intake of AP treatment group was only two third of 
the control (Figure 3.9). Consequently, this induced marked alternations in the 
lipoprotein profile of these two groups. AP SNSP group only established 
approximately 15% increase in its plasma TC concentration, relative to its plasma TC 
level during normal diet adaptation. The AP treatment group might require longer 
time for adapting the diet change. 
However, after administering mushroom SNSPs along with the high-fat diet for 2 
weeks (week 3), the plasma TC concentration of AP treatment group increased to a 
large extent and showed no significant difference compared with the control (p>0.05). 
This might also be due to its increase in diet intake (Figure 3.9). While the plasma 
TC concentration in the control, TA, and AA groups, was increased by 7-34% in 
week 3, that of TF SNSP group was suppressed by 11% (Figure 3.10). The reduction 
in plasma TC might suggest the short-term hypocholesterolemic potential of TF 
SNSP even if the effect was moderate. Although no significant difference (p>0.05) 
was found between the control and mushroom SNSP treatment groups, there was a 
trend that the plasma TC levels of all mushroom SNSP treatment groups were lower 
than that of control. 
Although the plasma TC concentrations in most of the treatment groups were lower 
than that of control after 4 weeks' administration of mushroom SNSPs (week 5), only 
82 
AP SNSP treatment group exhibited significant suppression compared with the 
control (p<0.05) (Table 3.6), Relative to their plasma TC concentrations in week 3， 
AP SNSP induced a 17.5% reduction in plasma TC in week 5，while that of AA 
SNSP treatment group was maintained at a similar level. On the other hand, TF and 
TA SNSP treatment groups had a modest increase (< 7%) in their plasma TC levels, 
compared with that in week 3. Consequently, it was proposed that only AP SNSP 
might be able to regulate the lipoprotein metabolism substantially in 
hypercholesterolemic hamsters. The suppression in plasma TC could be achieved by 
increasing the delivery of chylomicron remnant to the liver and elevating the hepatic 
free and esterified cholesterol concentrations (Fernandez, 1995). Furthermore, 
LDL-C clearance from the plasma appeared to be up-regulated via stimulation of the 
amount of hepatic LDL receptors and/or their activity (Fernandez et al., 1995). 
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Figure 3.10 Plasma total cholesterol (TC) levels in male golden Syrian hamsters fed 
cholesterol-containing (0.1%) high-fat (15%) diet (HF diet) with 3% mushroom 
SNSP for 4 weeks. (Week 0: normal diet adaptation; week 1: HF diet adaptation; 
week 3: HF diet with 3% mushroom SNSP for 2 weeks; week 5: HF diet with 3% 
mushroom SNSP for 4 weeks). Data are mean values 土 SD (n = 8). 
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Table 3.6 Change in plasma total cholesterol (TC) levels (%) in male golden Syrian 
hamsters after 4-week feeding of mushroom SNSPs.� 
Group Week ” Week 
(i) (ii) 
Control + 48.3% +25.0% - 6.83% 
TF +75.10/0*" - 5.00% +6.290/0 
TA +52.70/0 +17.8% + 0.72% 
AA + 86.5% +7.41% 0.00% 
AP + 15.0%* +41.3% - 17.50/0* 
a Week 1: HF diet adaptation; Week 3: HF diet with 3% mushroom SNSP for 2 weeks; Week 5: HF 
diet with 3% mushroom SNSP for 4 weeks. Samples were collected at the end of the week. * Data 
represents the percentage change in plasma TC level when compared with Week 0，in which "+" 
denotes an increase whereas indicates a drop in the plasma T C . � D a t a represents the percentage 
change in plasma TC level when compared with (i) Week 1; (ii) Week 3. “ The asterisks (*) denote a 
significant difference compared to control (Student's /-test, p <0.05). 
3.5.3 Effect on plasma HDL-C concentration 
In the beginning of the animal feeding study, only TF SNSP group differed 
significantly (pK0.05) in its plasma high-density lipoprotein cholesterol (HDL-C) 
level when compared with the control (Table 3.7). However, after consuming the 
high-fat diet for a week, the plasma HDL-C concentration of TF SNSP group was at 
a similar level with the other groups (70-80 mg/dL, excepting AP SNSP treatment 
group) (week 1). Throughout the feeding study, there was a general trend of increase 
in HDL-C concentration in the hamsters, regardless whether mushroom SNSP was 
fed (Figure 3.11). In the contrary, the AP SNSP treatment group showed a significant 
drop (-36.1%) (p<0.05) in plasma HDL-C level after one-week high-fat diet 
acclimation (Table 3.7), after which, its HDL-C level was raised to a similar level as 
the other groups. No significant difference (p>0.05) in HDL-C level could be found 
between control and treatment groups at the end of week 3 and week 5. Since the 
mushroom SNSPs did not induce significant change in the plasma HDL-C level, the 
/ 
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Figure 3.11 Plasma high-density lipoprotein cholesterol (HDL-C) levels in male 
golden Syrian hamsters fed cholesterol-containing (0.1%) high-fat (15%) diet (HF 
diet) with 3% mushroom SNSP for 4 weeks. (Week 0: normal diet adaptation; week 1: 
HF diet adaptation; week 3: HF diet with 3% mushroom SNSP for 2 weeks; week 5: 
HF diet with 3% mushroom SNSP for 4 weeks). Data are mean values 土 SD (n = 8). 
Table 3.7 Change in plasma high-density lipoprotein cholesterol (HDL-C) levels (%) 
in male golden Syrian hamsters after 4-week feeding of mushroom SNSPs.'' 
Group Week Week 
(i) (ii) 
Control +38.9% + 35.4% + 17.2% 
TF +16.7% + 36.8% + 26.4% 
TA + 39.8% + 39.6% +37.1% 
AA + 29.8% + 34.6% + 22.7% 
AP -36.1%*^ + 100% + 6.84% 
"Week 1: HF diet adaptation; Week 3: HF diet with 3% mushroom SNSP for 2 weeks; Week 5: HF 
diet with 3% mushroom SNSP for 4 weeks. Samples were collected at the end of the week. * Data 
represents the percentage change in plasma HDL-C level when compared with Week 0, in which “+，’ 
denotes an increase whereas “-“ indicates a drop in the plasma HDL-C. = Data represents the 
percentage change in plasma HDL-C level when compared with (i) Week 1; (ii) Week 3. " The 
asterisks (*) denote a significant difference compared to control (Student's ^-test, p <0.05). 
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plasma cholesterol-lowering effect of the AP SNSP (as discussed in Section 3.5.2) 
with high dietary cholesterol intake was primary attributed to a reduction in the 
non-HDL-C fraction, particularly the LDL-C concentrations. 
It has been suggested that plasma HDL-C to TC ratio was a better indicator of 
atherosclerotic risk, of which decrease signified a higher risk (Nikkila et al,, 1986). 
However, no significant difference (^>0.05) in this ratio could be found among 
groups in the present results (Table 3.8). When fed with purified high-fat diet, the 
HDL-C to TC ratio of the hamsters was generally lower (0.45-0.77), compared with 
those while normal diet was given (0.65-0.82). 
Table 3.8 Plasma HDL-C to TC ratio�in male golden Syrian hamsters during 4-week 
feeding experiment. 
Group Week 0办 Week 1 Week 3 Week 5 
Control 0.65 土 0.09 0.57 土 0.18 0.53 ±0.12 0.65 土 0.11 
TF 0.71 土 0.10 0.48 ±0.05 0.57 ±0.10 0.68 土 0.09 
TA 0.69 ±0.20 0.60 ±0.20 0.56 ±0.04 0.77 土 0.14 
AA 0.78 ±0.17 0.53 ±0.12 0.56 ±0.08 0.67 土 0.10 
AP 0.82±0.11*c 0.45 ±0.08 0.51 ±0.13 0.65 ±0.10 
a Data are mean values 土 SD (n = 8). ^ Samples were collected at the end of the week. (Week 0: 
normal diet adaptation; Week 1: HF diet adaptation; Week 2-5: HF diet with 3% mushroom S N S P ) . � 
The asterisks (*) denote a significant difference compared to control (Student's Ptest，p <0.05). 
3.5.4 Effect on plasma TG concentration 
There was an overall increase in the plasma triglyceride (TG) level for the hamsters 
during the feeding experiment (Figure 3.12). After the animals received the high-fat 
diet, their plasma TG concentrations were elevated (by 28-90%), particularly in the 
AA SNSP treatment group of which TG level was almost doubled. Similar results 
have been reported elsewhere，in which the plasma TG concentration of hamsters 
i 
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was increased by >30% when they were fed with high-fat-high cholesterol (10% 
coconut; 1% cholesterol) diet for a week (Sullivan et al, 1993). However, only TF 
SNSP group showed significant difference (^0.05) in plasma TG when compared 
with the control at the end of week 1 (Table 3.9). On the other hand, the plasma TG 
level of AP SNSP group was decreased (-3.7%) and was markedly (p<0.05) lower 
than that of control after one-week high-fat diet acclimation (week 1). A drastic 
decrease in diet intake might be the major factor accounted for this unexpected drop 
in plasma TG (Figure 3.9)，since its plasma TG level rose back to a comparable 
level of the control and other mushroom SNSP treatment groups in the following 
weeks. 
At the end of week 3，TA SNSP caused significant suppression (p<0.05) of plasma 
TG compared with the control (Figure 3.12). Nevertheless, its plasma TG level was 
rebound at the end of week 5, indicating that it might be capable to induce short-term 
reduction on plasma TG only. 
Although a wide range of plasma TG levels (123-223 mg/dL) was found among the 
treatment groups and the control at the end of week 5, the differences were not 
significant (p>0.05). Even though the plasma TG levels in the mushroom SNSP 
treatment groups were lower than that of control, except the AA SNSP group, there 
was no significant difference (p>0.05) between them. This finding agreed with 
previous studies that administration of viscous soluble fiber rarely influenced the 
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Figure 3.12 Plasma triglyceride (TG) levels in male golden Syrian hamsters fed 
cholesterol-containing (0.1%) high-fat (15%) diet (HF diet) with 3% mushroom 
SNSP for 4 weeks. (Week 0: normal diet adaptation; week 1: HF diet adaptation; 
week 3: HF diet with 3% mushroom SNSP for 2 weeks; week 5: HF diet with 3% 
mushroom SNSP for 4 weeks). Data are mean values 土 SD (n = 8). 
Table 3.9 Change in plasma triglyceride (TG) levels (%) in male golden Syrian 
hamsters after 4-week feeding of mushroom SNSPs.� 
Group Week Week 一 
(0 (ii) 
Control + 27.8% +115% +19.9% 
TF +77.1%*" +61.1% + 24.7% 
TA + 24.7% +39.1% +45.0% 
AA +91.9% +135% +17.4% 
AP - 3.74%* + 129% + 17.7% 
� W e e k 1: HF diet adaptation; Week 3: HF diet with 3% mushroom SNSP for 2 weeks; Week 5: HF 
diet with 3% mushroom SNSP for 4 weeks. Samples were collected at the end of the week. ^ Data 
represents the percentage change in plasma TG level when compared with Week 0, in which "+" 
denotes an increase whereas "-" indicates a drop in the plasma T G � D a t a represents the percentage 
change in plasma TG level when compared with (i) Week 1; (ii) Week 3. “ The asterisks (*) denote a 
significant difference compared to control (Student's Mest, p <0.05). 
/ 
88 
To conclude, only AP SNSP could influence the lipoprotein profile of the 
hypercholesterolemic hamsters in the present study, particularly suppressing the 
plasma TC level (Table 3.6-3.9). As there was no significant alternation in the 
plasma HDL-C level, the reduction in plasma TC was primarily due to decrease in 
the circulating LDL-C concentration. The suppression in plasma TC could be 
achieved by increasing the delivery of chylomicron remnant to the liver and thus 
elevating the hepatic free and esterified cholesterol concentrations (Fernandez, 1995). 
Furthermore, LDL-C clearance from the plasma appeared to be up-regulated via 
stimulation of the amount of hepatic LDL receptors and/or their activity (Fernandez 
et al, 1995). 
3.5.5 Effect on hepatic cholesterol profile 
The hamsters of all five groups had similar final liver weights (Table 3.10). Their 
visual morphology and color were studied so as to deduce if the diet or mushroom 
SNSP impose any adverse effect on the animals. In Figure 3.13(a), the typical liver 
isolated from the control group was slightly swollen with scattered yellow spots 
visualized on its surface. This pointed out that the cholesterol-containing (0.1%) 
high-fat (15%) diet could induce symptoms of hypercholesterolemia, such as fatty 
liver. For the TF and AA SNSP treatment groups, their livers were deep red in color 
without any abnormal morphological change (Figure 3.13(b) and (d) respectively). It 
appeared that the mushroom SNSPs were able to alleviate the adverse effect on the 
animals induced by the dietary cholesterol. On the other hand, the liver excised from 
the AP SNSP treatment group was slightly pale in color with unknown reason 
(Figure 3.13(e)). Other than this, the appearance of its liver was similar to that of TF 
or AA SNSP groups. However, the liver isolated from the TA SNSP treatment group 
was predominantly pale yellow and dull in color, with some pale red spots on it 
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(Figure 3.13(c)). This might suggest that the TA SNSP would induce some adverse 
effect on the subjects, other that those imposed by the high-fat diet. Besides, the 
dosage of TA SNSP given to the animals (O.lg/ lOOg body weight) might be too large 
for them and hence imposed undesirable effect on their health, primarily on their 
livers. On the other hand, this might be due to the illness of the hamsters themselves, 
such as bacterial infection (Field & Sibold, 19996), since they were physically less 
active and had generally lower body weight than the other groups during the last 2 
weeks of experiment (Figure 3.8). 
Table 3.10 Liver, weight and cholesterol concentration^ of hamsters after 4-week 
feeding of mushroom SNSPs (O.lg/ lOOg body weight) 
Liver weight Hepatic cholesterol 
^ (mg/g) 
Control 5.;51 士 0,418 18.0 士 3.84 
TF 6.04 士 0.770 15.3 ±3.90 
TA 4.71 士 1.12 13.8 士 4.17 
AA 6.06 ±0.646 12.3 ±2.12*6 
AP 5.60 ±0.530 12.2 土 2.14* 
� D a t a re mean values 士 SD (n = 8). * Means in column with asterisks (•) denote a significant 
difference when compared with the control (Student's Mest, p <0.05). 
In the present study, it showed that the intake of mushroom SNSP could 
down-regulate the hepatic cholesterol. There was a trend of reduction in hepatic 
cholesterol in hamsters fed mushroom SNSPs (Table 3.10). Although all mushroom 
SNSP treatment groups showed lower hepatic cholesterol level than that of the 
control group (-15-32%), only the AA and AP treatment groups exhibited a 
significant reduction (p<0.05) compared to the control. Consequently, Auricularia 
SNSPs seemed to impose more significant influence on hepatic cholesterol 
metabolism of hamsters, i.e. stronger cholesterol-lowering potential, than the 
i 
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Figure 3.13 Appearance of livers 
excised from the male golden Syrian 
hamsters after 
mushroom SNSPs (O.lg/ lOOg body 
with cholesterol-containing 
^ ^ ^ H H ^ ^ H H ^ H r (b) TF SNSP treatment (c) TA 
SNSP treatment group; (d) AA SNSP 
treatment group; (e) AP SNSP treatment 
(e) group. 
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Tremella SNSPs. At the same time, animals administered with Auricularia SNSPs 
might have lower risk of suffering from adverse effect to health than taking the 
Tremella SNSPs. 
3.5.6 Effect on HMG-CoA reductase activity by AA and AP SNSPs 
As the Auricularia SNSPs (AA and AP SNSPs) could induce hypocholesterolemic 
effects on hamsters based on the results mentioned in Section 3.5.2-3.5.5，their effect 
on the HMG-CoA reductase activities, the rate-limiting enzyme for hepatic 
cholesterol biosynthesis, were thus determined and compared with that of the control. 
The HMG-CoA reductase activity of the control group served as a reference point, 
which illustrated the influence of high dietary cholesterol load, could in turn elevate 
the enzyme activity and hence increase the hepatic cholesterol concentration. It was 
suggested that the HMG-CoA reductase activity, and thus the cholesterol 
biosynthesis, would be elevated by 11% when pectin-supplemented (7% w/w) 
high-fat diet (5%) was given to rats (Garcia-Diez et al, 1996). In the present study, it 
showed that the intake of mushroom SNSP could down-regulate this microsomal 
enzyme activity. Although the AA SNSP could induce a 19% up-regulation of the 
HMG-CoA reductase activity, it was not significantly different (p>0.05) from the 
control. In the contrary, the HMG-CoA reductase activity in hamsters fed AP SNSP 
was reduced significantly (p<0.05) by 36% compared to the control (Table 3.11). 
The reduction in hepatic cholesterol biosynthesis resulted in a decrease in the overall 
cholesterol pool which might explain the cholesterol-lowering effect of the 
mushroom SNSPs. Decrease in HMG-CoA reductase activity has been reported to 
lower hepatic apoB secretion rate and hence down-regulated VLDL secretion by the 
liver in rabbit hepatocytes. (Tanaka et al, 1993). 
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Table 3.11 Microsomal enzyme activity�of hamsters after 4-week feeding of 
mushroom SNSPs (O.lg/ lOOg body weight) 
HMG-CoA reductase activity 
(pmol mevalonolactone-min" ^  -mg" ‘ microsomal protein) 
Control 1060 士 110 
TF N.D.6 
TA N.D. 
AA 1270 士 143 
AP 684 士 82.0*c 
� D a t a re mean values 土 SD (n = 4). ‘‘ N.D. indicated data not detenuined." Means in column with 
asterisks (*) denote a significant difference when compared with control (Student's t-test, /7<0.05). 
3.5.7 Effect on neutral and acidic sterols excretion by AA and AP 
SNSPs 
The effect of Auricularia SNSPs (AA and AP SNSPs) on fecal neutral sterol 
excretion was further investigated. In both the control and mushroom SNSP 
treatment groups, coprostanol accounted for about 80-90% of the total neutral sterols 
excreted in the feces, followed by cholesterol, dihydrocholesterol, and coprostanone, 
which were only presented in small amounts (Table 3.12). Even though the AP SNSP 
treatment group had lower fecal neutral sterol concentrations in general, no 
significant difference (p>0.05) could be found among the AA/ AP treatment groups 
and the control regarding the individual as well as the total fecal neutral sterols， 
except dihydrocholesterol O<0.05). The fecal dihydrocholesterol concentration of 
both AA and AP SNSP treatment groups were significantly lowered (p<0.05) 
compared with the control. On the other hand, the fecal cholesterol level of AA SNSP 
treatment group was approximately 34% higher than that of control, though no 
significant difference O>0.05) could be found. In general, both AA and AP SNSPs 
induced a reduction in the total fecal neutral sterols excretion (17% and 36%, 
respectively), with AP SNSP having greater effect. As no significant difference could 
I 
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be found among the mushroom SNSP treatment groups and the control, this 
suggested that consumption of mushroom SNSPs had no considerable effect on fecal 
cholesterol excretion in hamsters. 
Alternation in bile acid synthesis and excretion are considered as the major 
mechanisms associated with the elimination of cholesterol (Buhman et al, 2000). 
Soluble fibers might either directly interact with the bile acids or entrap them in the 
micelles formed, therefore obstructing their reabsorption via the enterohepatic 
circulation by active and passive mechanisms (Vahoimy et al, 1980^7). An 
unexpected finding in the present study was that the Auricularia SNSPs (AA and AP) 
induced a significant reduction (p<0.05) in the total fecal bile acid concentrations, 
equivalent to only about one-sixth of the control (Table 3,13). This might be due to 
an increase in the re-circulation of bile acids and hence down-regulated the hepatic 
bile acid synthesis via negative feedback mechanism. 
Concerning the fecal acidic sterol profile, although there was a reduction in the 
individual fecal bile acid concentrations in hamsters fed mushroom SNSPs, only the 
ursodeoxycholic acid showed significant deviations (p<0.05) from the control (Table 
3.13). It was quite surprising that cholic acid, which was an important constituent of 
fecal bile acid for the control, could not be found in the fecal samples of the 
mushroom SNSP groups. On the other hand, mushroom SNSPs altered the 
composition of fecal bile acids in such a way that more secondary bile acids were 
formed. While the acidic sterols were mainly excreted as primary bile acids 
(including chenodeoxycholic acid and cholic acid, about 78% of total excretion) in 
the control group, secondary bile acids (including lithocholic acid, deoxycholic acid, 
and probably ursodeoxycholic acid, about 76% of total excretion) were the major 
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constituents of that of AA/AP SNSP treatment groups. The ratio of fecal primary bile 
acids to secondary bile acids decreased from 1.2 in the control group to 0.3-0.4 in the 
mushroom SNSP treatment groups. The increase in secondary bile acid proportion 
indicated the importance of microbial conversion. It is known that primary bile acids 
would be hydrolyzed into secondary bile acids via the action of intestinal microflora, 
which involves the removal of 7a-hydroxyl group from the cholic acid and 
chenodeoxycholic acid to form deoxycholic and lithocholic derivatives, respectively 
(Duthie & Wormsley，1979). A portion of the secondary bile acids would be 
recirculated back to the liver, while the rest of them are excreted into feces 
(Einarsson & Angdin, 1986). 
In summary, the present animal feeding study provided evidence for the therapeutic 
potential of Auricularia SNSPs against hypercholesterolemia in hamsters. A 
reduction in the accumulation of plasma and/or hepatic total cholesterol by the 
AA/AP SNSPs could be due to the decrease of cholesterol absorption in the intestine. 
The physico-chemical properties of the mushroom SNSPs might account for their 
ability to hinder intestinal cholesterol absorption, which would be further discussed 
in Section 3.5.8. Moreover, AP SNSP was able to further reduce the cholesterol 
biosynthesis, via influencing the HMG-CoA reductase. All these indicated that there 
was a decrease in size of the overall cholesterol pool in the animal body and the 
cholesterol might be eliminated via bile acid excretion (Moundras et al.’ 1997). 
Nevertheless, a significant reduction rather than an increase in bile acid excretion 
was found, indicating it was not the major route by which the cholesterol was 
eliminated to cause the hypocholesterolemic effect. The reduction in fecal primary to 
secondary bile acids ratio of the mushroom SNSP treatment groups indicated an 




































































































































































































































































































































































































































































































































































































































































(Duthie & Wormsley，1979). The significance of the microbial activity might thus 
partially explain the potential cholesterol-lowering mechanism of the Auricularia 
SNSPs. 
Fermentability of the mushroom SNSPs might be one of the attributes that accounted 
for their different cholesterol-lowering potential. Fermentation of soluble fibers is 
mainly taken place in the caecum and colon via the action of microflora. The end 
products of the microbial degradation of soluble fibers，primarily short-chain fatty 
acids, were suggested to impose remarkable effects on cholesterol metabolism. In a 
study by Moundras, et al (1997)，soluble fiber induced a shift towards cecal 
propionic acid pool, which effectively inhibited hepatic cholesterol synthesis via 
suppressing the HMG-CoA reductase activity (Anderson et al, 1990^2). The extent of 
cecal microbial fermentation of the mushroom SNSPs in hamsters could be 
investigated in future study. 
On the other hand, the lack of a hypocholesterolemic effect caused by Tremella 
SNSPs in the hamsters might due to their early breakdown, particularly in the 
forestomach of the animals (Hoover et al., 1969). It was proposed that the microflora 
presented in the forestomach might allow hamster to have higher capacity of 
digesting fibers (Kunstyr, 1974). However, the extent of pregastric fermentation of 
the mushroom SNSPs in the hamsters is uncertain and requires further study. 
3.5.8 Correlation between hypocholesterolemic potential and 
viscosity of mushroom SNSPs 
The hypocholesterolemic potential of most soluble fibers has been attributed to their 
physico-chemical properties, particularly viscosity, though their direct relationship 
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has not been fully understood (Davidson et al., 1998). Since mushrooms are novel 
sources of dietary fiber (Cheung, 1997)，the relation between the viscosity and 
cholesterol-lowering effect of mushroom SNSPs was investigated. In the present 
study, the TF SNSP exhibited the highest intrinsic viscosity, followed by AA and TA, 
while that of AP SNSP was the least (Table 3.5). The plasma TC concentration 
(Figure 3.10) of hamsters, after administering the mushroom SNSPs for four weeks, 
were correlated {r = 0.980，/KO.OS) with the intrinsic viscosity of the corresponding 
mushroom SNSP fed to them (Table 3.5). It has been proposed that intrinsic 
viscosity of polysaccharide was proportional to its average molecular weight, based 
on the empirical Mark-Houwink equation as discussed in Section 3.4.1 (Wang & Cui， 
2005). It was proposed that, with a smaller particle size, dietary fiber might 
effectively influence cholesterol absorption by binding with the bile acids (Huang & 
Dural, 1995). Thus, the viscous and gel-forming mushroom SNSPs could possibly 
inhibit emulsification and lipolysis in the small intestine, which has been 
demonstrated by other studies (Pasquier et al., 1996). On the other hand, the viscous 
fibers might influence lipolysis via forming monolayer around the lipid droplets and 
reduce the access of lipase (Garti & Reichman，1994). The viscous matrix of SNSP 
has been proposed to hinder cholesterol absorption by increasing the thickness of the 
unstirred water layer simultaneously and hence slowing down the rate of difiUsion 
through this layer to the intestinal villi (Levrat-Vemy et al, 2000). 
The impact of the viscosities of mushroom SNSPs on their cholesterol-lowering 
capability was further elucidated by investigating their flow behavior. The apparent 
viscosity of the mushroom SNSPs, predominantly that under low shear rates (<5 
sec'i)，might serve as a predictor for their effect on cholesterol metabolism. From the 
flow behavior of the mushroom SNSPs (Figure 3.6), it indicated that both AP and 
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AA SNSPs flowed like viscous liquids only after a certain force (the yield value) was 
applied to them. Once the yield stress (determined from Figure 3.7) was applied to 
the sample (1.48 and 0.37 dynes/cm^ for AP and AA SNSP, respectively) to deform 
the system elastically, both AP and AA SNSPs demonstrated effectively higher 
apparent viscosities than the other two samples (Figure 3.5). This mimics the real 
situation in which the peristalsis and segmentation of the small intestine create 
turbulence and convective currents, which mix the luminal contents (Fox, 2002). 
Thus, when passing through the digestive tract, the mushroom SNSP was probably 
subjected to a wider spectrum of shear force and influenced the emulsification of 
dietary lipids. Due to their viscous nature, the average size of the emulsification 
droplets would probably be increased, which in turn lower the rate of lipolysis 
(Pasquier et al, 1996). 
3.6 In vivo dose-response effect on hypocholesterolemic 
potential of AP SNSP 
Based on the results in Section 3.5，the AP SNSP seemed to possess most 
pronounced hypocholesterolemic potentials among the four edible jelly mushroom 
SNSPs investigated, primarily via suppressing the plasma and hepatic total 
cholesterol concentration and influencing the rate of cholesterol biosynthesis in 
hamsters. Consequently, the AP SNSP was further studied for the dose-response 
effect on its hypocholesterolemic potential in animal model. Different concentrations 
of AP SNSP (2%, 3%, and 4% w/v, respectively) were force-fed to the hamsters 
along with the cholesterol-containing (0.1%) high-fat (15%) diet. Three control diet 
groups were set, including a commercial chow diet (N_Ctrl), high-fat diet (HF_Ctrl), 
and a AP-powder mix diet (AP_Ctrl), so as to serve as references for the influence 
i 
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imposed by the mushroom SNSP on cholesterol profile in the hamsters. 
3.6.1 Effect on body weight and diet intake 
There was a general increase in body weight for most of the experimental groups 
throughout the animal feeding experiment, except those of AP_Ctrl and 3% W/E 
groups which fluctuated slightly (Figure 3.14). Even though most groups of 
hamsters, excluding the N_Ctrl, consumed mush less diet after the high-fat diet was 
provided (Figure 3.15), their body weight was kept on increasing during the week of 
high-fat diet adaptation. This general decline in food intake may be due to the change 
in energy content of diet (week 1). The high-fat diet probably contained higher 
energy yield per gram than the normal chow diet and thus the hamsters could obtain 
enough energy by eating less. Consequently, the diet intake of N_Ctrl group was 
maintained at a relatively steady and significantly higher level (p<0.05) throughout 
the feeding experiment when compared with the other groups fed with high-fat diet 
(Figure 3.15). The diet intake of hamsters, particularly those of 4% W/E groups, 
further decreased after AP SNSP was force-fed to the hamsters (week 2). The 
discomfort of force-feeding and the bulk volume of the mushroom SNSP fed might 
lead to this fluctuation in food intake, causing a poor appetite for the animals. With 
the exception of 3% W/E group, the diet intake of mushroom SNSP fed groups 
gradually increased during week 2-5, probably because of the adaptation of animals 
to the feeding method. In the contrary, the diet intake of 3% W/E group further 
decrease till the end of week 3 and led to a decline, though not significant, in its body 
weight recorded (Figure 3.14). On the other hand, there was still a significant 
reduction in the diet intake (/7<0.05) of AP_Ctrl group during week 2, even though 
the animals were not subjected to force-feeding (Figure 3.15). The odor and taste, as 
well as the texture, of the AP-powder mix diet might contribute to the change in diet 
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Figure 3.14 Body weight of male golden Syrian hamsters fed cholesterol-containing 
(0.1%) high-fat (15%) diet (HF diet) with 2-4% AP SNSP for 4 weeks. Data are 
mean values of eight determinations per group. (Week 0: normal diet adaptation; 
Week 1: HF diet adaptation; Week 2-5: HF diet with 2-4% AP SNSP). 
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Figure 3.15 Diet intake of male golden Syrian hamsters fed cholesterol-containing 
(0.1%) high-fat (15%) diet (HF diet) with 2-4% AP SNSP for 4 weeks. Data are 
mean values of eight determinations per group. (Week 0: normal diet adaptation; 
Week 1: HF diet adaptation; Week 2-5: HF diet with 2-4% AP SNSP). 
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consumption of hamsters. Although the diet intake of AP_Ctrl rose after week 2，it 
remained at a relatively lower level as compared to the control and other mushroom 
SNSP treatment groups. Therefore, starting from week 4，body weight of the AP_Ctrl 
was significantly lower O<0.05) than the other groups, except the 3% AP W/E 
(Figure 3.14). 
3.6.2 Effect on plasma TC concentration 
Plasma TC level of each group were determined after one-week normal diet 
adaptation in order to serve as the baseline level (Figure 3.16). The experimental 
groups showed similar plasma TC concentrations, about 100-120 mg/dL, after 
consuming commercial chow diet, which agreed with those determined in relevant 
studies (Kieft et al, 1991). This similarity made the lipoprotein profile of various 
groups more comparable. The high-fat diet successfully boosted up the plasma TC 
concentration of the hamsters after a week of administration (Figure 3.16). The 
dietary cholesterol challenge significantly increased the plasma TC level by 50-72% 
compared with the N_Ctrl (p<0.05), even though there was a general reduction in 
food intake of these groups (Figure 3.15). It ensured that the animals had 
comparable responses to the change in dietary cholesterol and thus the high-fat diet 
could be served as a powerful agent for inducing hypercholesterolemia in hamsters 
(Sicart et al, 1984). 
After two-week administration of AP SNSP along with the high-fat diet, there were 
significant differences (^0.05) in terms of plasma TC concentrations among the 
experimental groups (Table 3.14). The plasma TC level of the hamsters, including 
the controls, was generally decreased as shown in Figure 3.16. Concerning the 
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N_Ctrl group, the average plasma TC was even suppressed to a lower level than its 
baseline value, which was probably because of the reduction in the diet intake 
(Figure 3.15). On the other hand, the HF—Ctrl group had the highest plasma TC 
concentration among all groups after 2-week AP SNSP administration (p<0.05). For 
the AP SNSP (2-4%) treatment groups, their plasma TC concentrations were lowered 
by about one-third (Table 3.14). The plasma TC concentration of the mushroom 
SNSP treatment groups was found to be negatively correlated with the AP SNSP 
concentrations administrated (r = -0.553,/KO.OS). Unexpectedly, the 3% W/E groups 
exhibited the greatest magnitude of reduction (36.6%) in plasma TC level among the 
AP SNSP treatment groups, which was partly due to the drastic decrease in its diet 
intake during week 1 - week 3 (Figure 3.15). The 3% AP SNSP even induced a 
greater decrease in plasma TC concentration than that by AP-powder mix diet (Table 
3.14). The AP SNSP might be more effective than the raw AP powder due to its 
isolated form. 
Although the plasma TC concentration of the hamsters, excluding 2% W/E group, 
was up-regulated modestly (<18%) at the end of the animal feeding experiment, the 
plasma TC concentration of both AP_Ctrl and the AP SNSP treatment groups were 
significantly lower (p<0.05) than that of HF一Ctrl, and comparable with that of 
N_Ctrl (Table 3.14). The hamsters fed with AP-powder mix diet or AP SNSP had 
approximately 70% plasma TC of that of HF—Ctrl group only. The present results 
further confirmed the effectiveness of AP SNSP in suppressing plasma TC 
concentrations, which agreed with that obtained in the screening study (Section 
3.5.2). However, no dose-dependent relationship could be observed concerning the 
cholesterol-lowering effect of AP SNSP, as all the AP SNSP treatment groups showed 
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Figure 3.16 Plasma total cholesterol (TC) levels in male golden Syrian hamsters fed 
cholesterol-containing (0.1%) high-fat (15%) diet (HF diet) with 2-4% AP SNSP for 
4 weeks. (Week 0: normal diet adaptation; week 1: HF diet adaptation; week 3: HF 
diet with 2-4% AP SNSP for 2 weeks; week 5: HF diet with 2-4% AP SNSP for 4 
weeks). Data are mean values 土 SD (n = 8). 
Table 3.14 Change in plasma total cholesterol (TC) levels (%)in male golden Syrian 
hamsters during 4-week feeding of AP SNSPs (2%, 3%, and 4%).卞 
Group Week 1: Week Week 
N_Ctrl +4.760/0� -18.7%^ . -11.1%� 
HF一Ctrl + 67.6%^ -12.4%" - 3.23%^ 
AP_Ctrl + 45.2%^ - 32.3%油 -24.6%^ 
2% W/E + 57.5%^ -29.1%^ - 30.2%� 
3% W/E + 72.0%^ -36.6%� - 25.6%'' 
4% W/E + 58.5%^ - 32.1%^^ - 22.0%^ 
t Week 1: HF diet adaptation; Week 3: HF diet with 3% mushroom SNSP for 2 weeks; Week 5: HF 
diet with 3% mushroom SNSP for 4 weeks. Samples were collected at the end of the week. : Data 
represents the percentage change in plasma TC level when compared with Week 0，in which "+" 
denotes an increase whereas indicates a drop in the plasma TC.织 Data represents the percentage 
change in plasma TC level when compared with Week 1. Percentage in columns with different 
superscripts (a-c) are significantly different (one-way ANOVA using Tukey's multiple comparison 
tests, p <0.05). 
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the mushroom SNSP. On the other hand, since the AP SNSP treatment groups 
exhibited comparable plasma TC levels with the AP—Ctrl group (all induced 22-30% 
overall suppression on plasma TC concentrations), it might be deduced that the 
hypocholesterolemic effect of AP mushroom on lipoprotein metabolism was 
primarily due to its SNSP fraction. 
3.6.3 Effect on plasma HDL-C concentration 
Concerning the plasma HDL-C concentration of the hamsters, there was no 
significant difference among groups throughout the animal feeding experiment 
(Table 3.15). After one-week normal diet acclimation (week 0)，all the groups 
established plasma HDL-C level within the range of 60-69 mg/dL, which reflected 
that the animals had similar status regarding the lipoprotein metabolism. However, 
the plasma HDL-C concentrations of hamsters fluctuated by various extents since 
they were given the high-fat diet (Figure 3.17). At the end of the high-fat diet 
acclimation (week 1)，the control groups had mild reduction (<20%) in the plasma 
HDL-C level. In the contrary, those of AP SNSP treatment groups were elevated by 
less than 20%. The plasma HDL-C concentration of the hamsters was raised by 
3-76% at the end of week 3 but decreased by 12-30% at the end of week 5. The 
groups fed with AP-powder mix diet or AP SNSP exhibited more mild fluctuation in 
plasma HDL-C level during week 1 to week 5 when compared with the HF一Ctrl. 
This might be due to the aid of the mushroom SNSP, even though no significant 
result was found. Since the plasma HDL-C concentration was not considerably 
affected by the mushroom diet or SNSP, the AP mushroom probably affected the 
lipoprotein metabolism in hamsters by influencing their plasma LDL-C fraction so as 
to counteract the effect imposed by the dietary cholesterol, which was coincided with 
the finding in the screening study (Section 3.5.3). 
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Figure 3.17 Plasma high-density lipoprotein cholesterol (HDL-C) levels in male 
golden Syrian hamsters fed cholesterol-containing (0.1%) high-fat (15%) diet (HF 
diet) with 2-4% AP SNSP for 4 weeks. (Week 0: normal diet adaptation; week 1: HF 
diet adaptation; week 3: HF diet with 2-4% AP SNSP for 2 weeks; week 5: HF diet 
with 2-4% AP SNSP for 4 weeks). Data are mean values 士 SD (n = 8). 
Table 3.15 Change in plasma high-density lipoprotein cholesterol (HDL-C) level (%) 
in male golden Syrian hamsters during 4-week feeding of AP SNSPs (2%, 3%, and 
4 % ) . 卞 
Group Week 1 太 Week Week 
N 一 Ctrl -21.3% +33.8% - 12.7% 
HF-Ctrl - 7.25% + 76.4% +3.73% 
AP_Ctrl -21.1% + 57.5% + 24.5% 
2% W/E +19.8% + 3.38% -18.4% 
3% W/E +5.12% -3.14% - 30.5% 
4% W/E +0.15% + 10.7% - 14.2% 
t Week 1: HF diet adaptation; Week 3: HF diet with 3% mushroom SNSP for 2 weeks; Week 5: HF 
diet with 3% mushroom SNSP for 4 weeks. Samples were collected at the end of the week. : Data 
represents the percentage change in plasma HDL-C level when compared with Week 0, in which “+，， 
denotes an increase whereas “-“ indicates a drop in the plasma HDL-C.织 Data represents the 
percentage change in HDL-C level when compared with Week 1. 
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On the other hand, the plasma HDL-C to TC ratio of the experimental groups was 
not significantly different (p>0.05) based on the present results (Table 3.16). 
Although such ratio of the hamsters temporarily elevated to 0.57-0.74 in week 3，it 
maintained within the range of 0.30-0.64 in most of the feeding period. It should be 
noted that the HF一Ctrl showed relatively lower plasma HDL-C to TC ratio than the 
other groups, except that of 3% W/E in week 3，during week 1 to week 5. 
Table 3.16 Plasma HDL-C to TC ratio^ in male golden Syrian hamsters during 
4-week feeding of AP SNSPs (2%, 3%, and 4%). 
Group Week Week 1 Week 3 Week 5 
N_Ctrl 0 . 5 9 土 0 . 2 0 0 . 4 3 ± 0 . 0 7 0 . 7 1 ± 0 . 1 1 0 . 4 5 ± 0 . 2 1 
HF_Ctrl 0.55 土 0.13 0.30 土 0.09 0.61 ±0.17 0.33 士 0.08 
AP—Ctrl 0.59 土 0.12 0.32 ±0.12 0.74 ±0.16 0.53 土 0.09 
2 % W/E 0.57 土 0.14 0.43 ±0.22 0.61 ±0.19 0.49 士 0.10 
3% W/E 0.62 士 0.23 0.37 ±0.08 0.57 ±0.20 0.35 土 0.13 
4 % W/E 0 . 6 4 ± 0 . 1 4 0 . 4 1 ± 0 . 0 6 0 . 6 7 ±0.06 0 . 4 7 土 0 . 1 5 
t Data are mean values 土 SD (n = 8). ^ Samples were collected at the end of the week. (Week 0: 
normal diet adaptation; Week 1: HF diet adaptation; Week 2-5: HF diet with 2-4% AP SNSP). 
3.6.4 Effect on plasma TG concentration 
The plasma TG concentration of the hamsters fluctuated largely during the feeding 
experiment (Figure 3.18). After one-week normal diet adaptation, the plasma TG 
concentration of the hamsters ranged from 155 to 210 mg/dL (Figure 3.18), with no 
significant difference among groups (p>0.05). For the N_Ctrl group, its plasma TG 
level was kept on decreasing throughout the study, and its plasma TG concentration 
was only about one-third of that in week 0. Moreover, its plasma TG was 
significantly lower (j!7<0.05) than the other experimental groups at each stage of the 
study (Table 3.17). The plasma TG concentration of the hamsters was elevated by 
26-71% after receiving the high-fat diet for a week. However, only the 2% W/E 
/ 
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group exhibited significantly higher (p<0.05) plasma TG level when compared with 
the N_CtrL Although the plasma TG concentration of the 4% W/E group was 
increased by 26% after consuming the high-fat diet, it was statistically the same as 
that of N—Ctrl (p>0.05). Hence, the high-fat diet might affect the plasma TG 
concentration in hamsters to different extents, even though it was suggested that 
hypertriglyceridemia was readily induced in hamsters fed with 10% high-fat diet 
(Sullivan et al., 1993). 
At the end of week 3，the plasma TG concentration of the HF_Ctxl was significantly 
increased by 48% (p<0.05) (Table 3.17). On the contrary, the administration of 
AP-powder mix diet and AP SNSP led to 6-18% reduction in the plasma TG of 
hamsters. The plasma TG concentration of the AP一Ctrl and AP SNSP treatment 
groups ranged between those of N_Ctrl and HF_Ctrl, with no significant difference 
O>0.05) (Table 3.17). On the other hand, the AP SNSP concentration fed to the 
hamsters was inversely correlated with their plasma TG level (r = -0.700, /7<0.05). 
Even though there was a general decrease (27-66%) in the plasma TG concentration 
at the end of week 5, those of HF_Ctrl and 2% W/E groups were markedly higher 
than the other groups (p<0.05), about four folds of that of the N—Ctrl (Figure 3.18). 
The AP-powder mix diet and 3% AP SNSP induced suppression in the plasma TG 
concentration, though not significant. Nevertheless, the plasma TG level of 4% W/E 
group rebounded at the end of study. Thus, the 4% AP SNSP might only induce 
short-term reduction in plasma TG No correlation could be established between the 
AP SNSP concentration and the plasma TG level of the hamsters. All in all, only the 
AP-powder mix diet could significantly (jckO.OS) alter the plasma TG concentration 
of hamsters, whereas the 3% AP SNSP just slightly down-regulated the plasma lipid 
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Figure 3.18 Plasma triglyceride (TG) levels in male golden Syrian hamsters fed 
cholesterol-containing (0.1%) high-fat (15%) diet (HF diet) with 2-4% AP SNSP for 
4 weeks. (Week 0: normal diet adaptation; week 1: HF diet adaptation; week 3: HF 
diet with 2-4% AP SNSP for 2 weeks; week 5: HF diet with 2-4% AP SNSP for 4 
weeks). Data are mean values 士 SD (n = 8). 
Table 3.17 Plasma triglyceride (TG) levels in male golden Syrian hamsters during 
4-week feeding of AP SNSPs (2%, 3%, and 4%).卞 
Group Week Week 3 ^ Week 
N—Ctrl - 13.8%� - 9.390/0� - 65.5%^ 
HF 一 Ctrl +32.7% 油 + 47.8%^ -0.01%^ 
AP^Ctrl + 49.2%^^ - 5.62% '^^  - 61.4%^^ 
2% W/E +71.2%^ -8.43%& - 27.0%^ 
3% W/E +64.5%�6 -14.1%如 -40.0%^^ 
4% W/E + 26.2%^ - Y1 .TAT +2.16%^^ 
t Week 1: HF diet adaptation; Week 3: HF diet with 3% mushroom SNSP for 2 weeks; Week 5: HF 
diet with 3% mushroom SNSP for 4 weeks. Samples were collected at the end of the week. ^ Data 
represents the percentage change in plasma TG level when compared with Week 0，in which "+" 
denotes an increase whereas “-“ indicates a drop in the plasma TG 织 Data represents the percentage 
change in plasma TG level when compared with Week 1. Percentage in columns with different 
superscripts (a-c) are significantly different (one-way ANOVA using Tukey's multiple comparison 
tests, p <0.05). 
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concentration after four-week consumption. 
To sum up, the incorporation of AP powder or AP SNSP into the diet could influence 
the lipoprotein metabolism in hamsters, primarily by reducing the circulating TC, 
and possibly plasma TG as well (Tables 3.14 - 3.17). Since the AP-powder mix diet 
and different concentrations of AP SNSP suppressed the plasma TC level to a 
comparable extent to the N_Ctrl group without affecting the HDL-C fraction，the 
significant decrease (^<0.05) in plasma TC was probably due to suppression on the 
plasma LDL-C level. While the AP-powder mix diet and 3% AP SNSP could 
significantly reduce O<0.05) the circulating TG level, 4%-AP SNSP could just 
influence the plasma TG level slightly. The 2% AP SNSP failed to influence the 
plasma TG concentration at all, which reflected that this dosage of AP SNSP might 
be insufficient to impose any effect on it. On the other hand, after administrating AP 
SNSP along with the high-fat diet for two weeks, the concentration of AP SNSP 
given to the hamsters was found to be negatively correlated with their plasma TC and 
TG concentrations (as stated in Section 3.6.2 & 3.6.4). This might suggest that the 
hypocholesterolemic effect of the AP SNSP was dose-dependent, particularly in 
short-term. In addition, as the AP SNSP treatment groups exhibited comparable 
cholesterol-lowering effect on hamsters as the AP_Ctrl group, the 
hypocholesterolemic potential of AP mushroom was primarily due to its SNSP 
fraction. 
3.6.5 Effect on hepatic cholesterol profile 
Concerning the final liver weight of the hamsters, those of N_Ctrl and AP_Ctrl 
groups were significantly lower than that of HF一Ctrl (p<0.05) (Table 3.18). 
Alternatively, the liver weight of the AP SNSP treatment groups were comparable to 
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that of N—Ctrl，excluding the 2% W/E group. By visual examination of the livers 
excised, they were deep red in color without any abnormal morphological change, 
except those of HF_Ctrl group. The liver isolated from the HF_Ctrl group was pale 
red in color with tiny yellow spots scattering on it (Figure 3.19(b)). These indicated 
that the high-fat diet could induce hypercholesterolemia in hamsters, probably via 
affecting the hepatic cholesterol metabolism and hence the health status of the animal. 
Both AP-powder mix diet and AP SNSP seemed could minimize and protect the 
animal against such adverse effects, since there was no visible change regarding the 
morphology of the liver excised (Figure 3.19(c) to (f)). 
Based on the present results, the high-fat diet could influence the hepatic cholesterol 
metabolism of hamsters, via significantly amplifying the hepatic cholesterol level by 
five folds compared with the N_Ctrl (p<0.05) (Table 3.18). On the other hand, it 
showed that consumption of AP-powder mix diet could significantly lower (pK0.05) 
the hepatic cholesterol level (-54%) to a comparable level to the normal diet control. 
Different concentrations of AP SNSP suppressed the hepatic cholesterol 
concentration by different magnitudes with reference to that of HF—Ctrl, and a 
significant inverse correlation could be established between them (r = -0.836, 
p<0.05). The hepatic cholesterol concentration of 2% W/E group was statistically 
similar to that of HF_Ctrl, which might imply that such concentration of AP SNSP 
was too low to impose any significant effect on the hepatic cholesterol. Besides, the 
3% and 4% AP SNSP down-regulated the hepatic cholesterol concentration of 
hamsters by 30% and 49%, respectively, which indicated that the concentration of AP 
SNSP was an important determining factor of its hypocholesterolemic potential. 
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Figure 3.19 Appearance of livers excised from the male golden Syrian hamsters after 
4-week consumption of 2-4% AP SNSP with high-fat diet, (a) N_Ctrl group; (b) 
HF_Ctrl group; (c) AP一Ctrl group; (d) 2% W/E group; (e) 3% W/E group; (f) 4% 
W/E group. 
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Table 3.18 Liver weights and cholesterol concentrations卞 of hamsters after 4-week 
feeding of AP SNSP (2%, 3%, and 4%) 
Liver weight Hepatic cholesterol 
^ (mg/g) 
N—Ctrl 5.29±0.681“ 2.37 ± 0.253� 
HF_Ctrl 7.52±0.8996e 10.4 ±0.9146 
AP—Ctrl 5.39 士 0.535“ 4.81 士 1.34“� 
2% W/E 7.14 土 0.6716 8.75 ±0.8096 
3% W/E 6 . 1 7 土 0.778ac 7.28 土 1 . 0 3 5 6 ' 
4% W/E 6.47±2.165“e 5 . 3 2 ± 0 . 5 9 7办。 
t Data are mean values 土 SD (n = 8). Means in columns with different superscripts (a-c) are 
significantly different (one-way ANOVA using Tukey's multiple comparison tests, p <0.05). 
3.6.6 Effect on HMG-CoA reductase activity 
The effect of AP SNSP on the de novo cholesterol synthesis of hamsters, particularly 
in relation to its concentration, was investigated. It was suggested that the cholesterol 
biosynthesis would be inhibited with an elevating hepatic intracellular cholesterol 
concentration, by reducing the quantity and hence activity of the rate-limiting 
HMG-CoA reductase (Bennion & Grundy, 1975). Although the HMG-CoA reductase 
activity of HF一Ctrl was 25% lower than that of N_Ctrl, probably due to the dietary 
intervention, the difference was not significant (p>0.05) (Table 3.19). Similar to its 
hepatic cholesterol concentration, the microsomal enzyme activity of AP_Ctrl 
exhibited similar level as that of N_CtxL Even if the HMG-CoA reductase activities 
of the hamsters fed AP SNSP were higher than that of control, which was in contrast 
to the finding in the earlier study (Section 3.5.6), there was no significant difference 
between the AP SNSP treatment groups and the controls, except the 2% W/E group. 
The enzyme activity of the 2% W/E group was significantly higher (p<0.05) than the 
other experimental groups, about two folds of the N_Ctrl, which Causation waS 
uncertain. 
113 
Table 3.19 Microsomal enzyme activities^ of hamsters after 4-week feeding of AP 
SNSP (2%，3%, and 4%) 
HMG-CoA reductase activity 
(pmol mevalonolactone-min'' -mg"^  microsomal protein) 
N_Ctrl 433 ±16ia 
HF_Ctrl 324 土 82.6� 
AP—Ctrl 480 土 82.5“ 
2% W/E 936 土 98.4^ 
3% W/E 517±78.3“ 
4% W/E 523 土 15.2� 
个 Data are mean values 士 SD (n = 4). Means in column with different superscripts (a-b) are 
significantly different (one-way ANOVA using Tukey's multiple comparison tests, p <0.05). 
3.6.7 Effect on neutral and acidic sterols excretion 
The effect of AP powder or AP SNSP on fecal neutral sterol excretion was examined. 
From the present results, it reflected that the composition of fecal neutral sterol were 
subjected to the influence of dietary intervention. When fed with commercial chow 
diet, cholesterol was the major sterol being excreted (about 44% of total excretion), 
followed by coprostanol, dihydrocholesterol, and coprostanone (Table 3.20). 
However, once fed with the high-fat diet for four weeks, the total neutral sterol 
excreted by the hamsters significantly increased (p<0.05) by four folds, primarily via 
severe increase in coprostanol excretion (approximately ten times of the N_Ctrl). For 
the groups administrating high-fat diet, coprostanol accounted for 74-80% of their 
total neutral sterol excretion, followed by cholesterol, dihydrocholesterol, and 
coprostanone (Table 3.20), which was consistent with the results in Section 3.5.7. 
The incorporation of AP powder into the diet resulted in a significant rise (p<0.05) in 
the total and individual fecal neutral sterol concentrations (34-89%), except a mild 
drop in dihydrocholesterol, with reference to HF_Ctrl. On the contrary, for the AP 
SNSP treatment groups, their total neutral sterol and coprostanol excreted were 
significantly lower (p<0.05) than that induced by the AP-powder mix diet. The 
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magnitude of reduction seemed related to the concentration of AP SNSP, with 2% 
W/E group having a higher fecal neutral sterol concentration, even if no significant 
correlation could be established. Although the neutral sterol excretion of AP SNSP 
treatment groups was lowered, it was comparable to that of HF—Ctrl and was 
significantly higher than that of N_Ctrl 0^0.05) (Table 3.20). Concerning the 
concentration of fecal cholesterol, dihydrocholesterol, and coprostanone in AP SNSP 
treatment groups, they exhibited similar levels as the control groups. Hence, it might 
deduce that the significant variation in fecal neutral sterol excretion among the 
controls and AP SNSP treatment groups was particularly due to the alternation in 
coprostanol excreted. The present results suggested that considerable increase in 
fecal cholesterol excretion might play an important role in eliminating the excess 
dietary cholesterol load. 
On the other hand, the bile acid excretion of the animals during the last week of 
feeding experiment was investigated. For the N_Ctrl group, the high fecal acidic 
sterol concentration was mainly attributed to the cholic acid excreted, about 38% of 
total excretion (Table 3.21). The chenodeoxycholic acid, ursodeoxycholic acid, and 
lithocholic acid of N_Ctrl had similar proportions in its bile acid excretion, whereas 
the deoxycholic acid only presented in trace amount (<5%). Administration of 
high-fat diet led to an unexpected change in the fecal bile acid composition of 
hamsters. Cholic acid was absent in the fecal sample of HF_Ctrl, which was 
contradictory to the result of the previous screening feeding experiment (Section 
3.5.7). Due to this change in composition, the total bile acid excretion of HF—Ctrl 
was significantly reduced (p<0.05) when compared with N_Ctrl. Other than the 
cholic acid, there was no significant alternation in the fecal bile acid profile of 
HF_Ctrl. Concerning the fecal bile acid profile of the AP treatment groups, similar 
115 
results were obtained. Even though soluble dietary fiber was proposed to enhance the 
bile acid excretion, mainly via hindering its ileal reabsorption and thus increasing the 
expense of cholesterol pool (Buhman et al, 2000)，this could not be reflected from 
the present results. Although the 4% AP SNSP treatment group stimulated the total 
bile acid excretion by 35%, no significant difference (p>0.05) could be found 
between the AP treatment groups and the HF_Ctrl regarding the total fecal bile acid 
concentration (Table 3.21). In agreement with the results in the screening feeding 
experiment (see Section 3.5.7)，cholic acid could not be determined in the fecal 
samples of the AP treatment groups. Hence, the AP powder/SNSP could rarely 
influence bile acid secretion, as the rate of biliary cholesterol secretion was suggested 
to be higher when the bile is rich in cholic acid than when it contains predominantly 
chendeoxycholic acid or ursodeoxycholic acid (Von Bergman et al, 1979). Other 
than this change and the lithocholic acid content of the 3% W/E group, the fecal bile 
acid profile of the AP treatment groups did not significantly differ with the others. 
Even though not significant, there was a trend of increase in the magnitude of 
deoxycholic acid excretion of AP SNSP treatment groups. Some researchers 
suggested that deoxycholic acid was an effective inhibitor of cholesterol absorption 
in humans and might suppress the HMG-CoA reductase activity as well (Story et al, 
1997). Due to the absence of cholic acid in the fecal samples, the primary to 
secondary bile acid ratio decreased from 1.5 of the N_Ctrl to 0.2-0.9 in the HF_Ctrl 
and AP treatment groups, suggesting a higher metabolic conversion of primary bile 
acids to secondary ones compared with the animals fed normal diet. On the other 
hand, it was interesting to find that the concentration of AP SNSP administrated by 
the hamsters was correlated with the total fecal bile acid (r = 0.685) and fecal 
chenodeoxycholic acid {r = 0.738) concentrations (pKO.OS). Moreover, the variation 

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































correlated with the fluctuation in chenodeoxycholie acid level of fecal samples (r = 
0.883,/7<0.05). 
3.6.8 Correlation between dosage and hypocholesterolemic effect of 
AP SNSP 
The present study on the dosage effect of AP SNSP re-confirmed its therapeutic role 
against hypercholesterolemia. In agreement with the previous animal feeding study 
(see Section 3.5.2 and 3.5.5)，both AP-powder mix diet and AP SNSP induced 
pronounced reduction on plasma TC and hepatic cholesterol concentrations, which 
indicated a diminishing overall cholesterol pool size in the animals. As the AP SNSP 
concentration was proved to be inversely correlated with the plasma and hepatic 
cholesterol levels, its physico-chemical properties, particularly viscosity, might 
contribute to the cholesterol-lowering effect induced. For a given polysaccharide, the 
viscosity of the solution is proportional to the extent of entanglements of the 
molecules, which in turn is influenced by the molecular weight. The zero shear 
specific viscosity (r|_yp)o of polysaccharides is proportional to the concentration (c) 
and intrinsic viscosity [r|] of the polymer-solvent pair, i.e.(”砂)o cc (c[ t i ] )" , where n is 
the slope of the plot log ( t i^ )ovs . log c [ t i ] and affected by intermolecular associations 
(Wang & Cui，2005). Hence, for the same aqueous AP SNSP system, its viscosity is 
proportional to the concentration of the solution. As discussed in Section 3.5.8, with 
higher viscosity, the more concentrated AP SNSP might hinder cholesterol absorption 
effectively, via inhibiting intestinal emulsification and lipolysis, and the rate of 
diffusion from the micelles to the mucosa (Gee et al, 1983). 
On the other hand, the fecal bile acid concentration of the hamsters fed with high-fat 
diet was significantly reduced, regardless if AP SNSP was fed, which showed that 
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bile acid excretion was not the major pathway of cholesterol elimination as expected 
(Buhman et al.’ 2000). However, it should not be overlooked that the concentration 
of total bile acid excreted was positively correlated with the AP SNSP concentration. 
The more concentrated AP SNSP might stimulate bile acid excretion, even though 
not to a significant level. 
In general, the AP SNSP could induce comparable hypocholesterolemic effect on the 
hamsters as the AP-powder mix diet. This might imply that the cholesterol-lowering 
potential of AP mushroom was primarily due to its SNSP fraction. The 2% SNSP 
could only impose relatively mild hypocholesterolemic effect on the animal model 
when compared with the other AP treatment groups, which might indicate such 
dosage was insufficient to induce considerable effects. 
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Chapter 4: Conclusions and Future works 
Edible jelly mushrooms, being novel sources of SNSP, were evaluated for their 
hypocholesterolemic potential in vivo in relation to their physico-chemical properties. 
The present study provided evidence for the therapeutic potential of Aiiricularia (AA 
and AP) SNSPs against hypercholesterolemia. They probably affected cholesterol 
absorption, which, in turn reduced the plasma and/or hepatic total cholesterol 
concentrations of hamsters significantly. The plasma total cholesterol concentration 
of the animal models was found to be positively related with the intrinsic viscosity of 
the jelly mushroom SNSPs, i.e. their molecular weight as well. Being lower in 
molecular weight range, the mushroom SNSP could reduce the concentration of 
circulating cholesterol, particularly the LDL fraction, more effectively, even though 
the mechanism was uncertain. The hypocholesterolemic potential of mushroom 
SNSPs might be correlated with their apparent viscosity under low shear rate as well. 
Moreover, AP SNSP could reduce the overall cholesterol pool size in the animals via 
suppressing the HMG-CoA reductase activity, while the underlying mechanism was 
uncertain. However, the bile acid excretion, which was the main route of cholesterol 
elimination, was not altered by the oral administration of mushroom SNSPs. On the 
other hand, an increase in the significance of the secondary bile acid excreted in 
AA/AP SNSP treatment groups might indicate the importance of cecal microbial 
fermentation of the fiber. 
Since the AP SNSP exhibited most pronounced cholesterol-lowering effects, it was 
further investigated for its dosage effect against hypercholesterolemia. Similar to the 
screening study, AP SNSP could effectively lower the plasma and hepatic total 
cholesterol levels. Furthermore, the plasma or hepatic total cholesterol concentration 
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of the hamsters was inversely correlated with the AP SNSP concentration. While the 
AP SNSP influenced the cholesterol profile of hamsters to a similar extent as the 
AP—Ctrl, it reflected that the hypocholesterolemic potential of AP was primarily 
owing to its SNSP fraction. In addition, concentration of the AP SNSP administrated 
by the hamsters was strongly correlated with the magnitude of total fecal bile acid 
concentration, even though the amount of total fecal bile acid excreted by AP SNSP 
treatment groups was not significantly differed from that of HF—Ctrl. 
From the results of in vivo screening study for the cholesterol-lowering capability of 
jelly mushroom SNSPs, the Tremella (TF and TA) SNSPs failed to show any 
considerable hypocholesterolemic effect after 4-week oral administration. The early 
breakdown of the mushroom SNSPs in the forestomach of hamsters might be 
accounted for these unexpected results. The mushroom SNSPs might be degraded by 
the microflora present in the forestomach to various extents, which might in turn 
significantly alter their physico-chemical properties and thus their 
cholesterol-lowering power. Nevertheless, forestomach was absent in human and no 
relevant information concerning the microbial activity in the forestomach of 
hamsters was available. Consequently, the pattern and extent of microbial 
degradation for the mushroom SNSPs in the forestomach of hamsters should be 
further investigated, so as to give some clues for inferring the hypocholesterolemic 
potential of mushroom SNSPs in human. 
Moreover, in order to further confirm the role of the viscosity of mushroom SNSPs 
in their cholesterol-lowering potential, the viscosity of the intestinal content of 
hamsters after administrating the mushroom SNSPs for different time periods should 
be collected and evaluated using rheometer. The extent of emulsification and the 
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micelle size could thus be investigated. Hence, the relation between the 
physico-chemical properties of mushroom SNSPs and their hypocholesterolemic 
potential could be established. 
On the other hand, it was quite surprising that the Auricularia SNSPs, particularly 
AP SNSP, imposed hypocholesterolemic effects on the animal models without 
significantly manipulating their bile acid excretion, which was regarded as the main 
pathway for cholesterol elimination. It was deduced that the cecal fermentation of the 
mushroom SNSPs might contribute to their cholesterol-lowering potential, since the 
end products of microbial fermentation, the short-chain fatty acids, has been 
suggested to influence the cholesterol metabolism, particularly cholesterol 
biosynthesis. Consequently, it was worth to further investigate the fermentability of 
the mushroom SNSPs in the colon of hamsters. 
All in all, A. polytricha, particularly its water-soluble non-starch polysaccharide 
fraction, could induce considerable therapeutic effect on hypercholesterolemia in 
hamsters, possibly due to its physico-chemical properties, whereas the underlying 
mechanisms needed to be further investigated. 
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